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WD 2004/ 083805 PCT/ GB2004/ 001174 (ot ai ni ng Tandem

Mass Spectronetry Data For Multiple Parent lons In An
WO 2004/P%3808 at i on Background of the Invention 5 Ptu/€B2004/001174

invention relates to tandem mass spectronetry. In

particul ar, although not exclusively, this invention

relates to tandem nmass spectronetry using an ion trap

to anal yse and select precursor ions and a

time-of-flight (TOF) analyzer to analyse fragnent .

i ons. Obtagping: Hippdem Masg,PPaRtEPMEERY, B3 tapFoa Mudtiple

is often ‘carglgd OUodSifY h (AW SBIBEStion
spectroneter,wTere o partTculrdar precursor ron I s
sel ected at the first stage of analysis or in the
first mass anal yzer (M5-1), the precursor ions are

subjected to fragnentation (e.g. in a collision 15
Eﬁé§i5ggﬂéiﬁélﬁ£§i§ﬂﬁ3ﬁg#£3ragnent (product) ions are
transported for analysis in the second stage or second
mas st hal PRt (e 29l athR TRt aMa SREIded"gry - IR
pd OV 8 r f ragRAlAl it AxA aalected fH AR fen@ith Sfelates
on, wth analysis of the resulting fragnents for each
t qereerdEn Ore S GBURY trame tmpi wsilny atefiedn ddraw tm aBnlyse and

pectronetr wth n_indgating the nutbe S
Se;eck?srea%uaﬁ%/%ﬁ s-4nd %rhc{]e s gtul Ser éofﬁgl% a{llﬂ(g%)s %?gfyzer £o

arldRSse ACCEMYlnd/B2 corresponds to two stages of
mass anal ysis with two generations of ions analyzed
(pr e goruad Jnedutdislon 25x Redevadd doresuds t addeften
mass spectroneters include: 1. Sequential in space:
carrivalratt e or Ut IS SERIGTL O TTr aple MagR

TOR, . etc). Se ) | ; T
v ShE il RIS felfeafib e TS (5i: ohe o
anA 200/ 38 380 5 HRCTH iGRA0 G 9 1hvall y 22 r b(MI+1)p) eche precursor

. quadrupole (Q, wherein the second , .
ions are subjected to fragmentation (e.g. in a collision

cell), and the resulting fragment (product) ions are
transported for analysis in the second stage or second mass
analyzer (MS-2). The method can be extended to provide
fragmentation of a selected fragment, and so on, with
analysis of the resulting fragments for each generation.
This is typically referred to an MS" spectrometry, with n
indicating the number of steps of mass analysis and the
number of generations of ions. Accordingly, MS? corresponds
to two stages of mass analysis with two generations of ions

analyzed (precursor and products) .
Relevant types of tandem mass spectrometers include:
1. Sequential in space:

a. Magnetic sector hybrids (4-sector, Mag-Trap, Mag-
TOF, etc). See for example F.W. McLafferty; Ed. Tandem

mass spectrometry; Wiley-Interscience: New York; 1983
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quadrupol e is used as an RF-only collision cell (QQ .

See for exanple Hunt DF, Buko AM Ballard JM
wehabasssws t z J, and G ordani AB; Bi onedi cal MaBGT/EB2004/001174

Spectronetry, 8 (9) (1981) 397-408. c. QTOF (a

quadrupol e anal yzer followed by a TOF anal yzer). See

for exanple HR Morris, T."Paxton, A Dell, J.

Langhorne, M Berg, R S. Bordoli, J. Hoyes and R H.

Bat eman; Rapid Conm in Mass Spectrom 10 (1996) 10

8891896; TrPIS THRITHRNS | & ﬁﬂﬁesfemhoqﬁ%rﬁew

Pat e s

seq%tléﬁﬁ%% lal\% %z%?% \?\%r%h a%nlgfl |(g|:Ion ce ]l'n(QqQ)'

bet \mn)foszca‘mpleemmpi .. BukaCahMi e larmirdR M,

Cot t US Pat 464 9 995 5 2. Seque n
time a}hi?r??"f sucEH"%s Jl'-%\]{ﬁl ary )Abr?l(s%]e nglrj nid\ﬁiﬁ’l

R Egd®dhomntd- R B HughesssQuaiupade, Storage  Mass
Spectronetry, John WIley, Chichester, 1989), Fourier
Transfor @me é:lcﬁfaalf%ﬁ?_ﬁé)m AET AER sws®eof 0f TOF

exanpl e and F erdum Fouri er
tr ansfédrymﬁr n NMR 20 Gotanlle dhR MibsriSpect¥ onkaxten, A.

El sevi.er, terda 19 radi ] I|n ar
tra}“?@s’s ‘ﬁ"ggf‘t t rﬁre%réer’ %Tl%rg’saﬁ §Tgér: e(%gl 1e‘?MHC@(eS and
Bi err and Bhtemayk&Ragis Radrent 0. Mads %d&@m, (1996)

axi al -ejection linear trap nass spectronmeter (see
for 8e%<9a-rﬁﬁ€e eand Hagerh sl viieh ggy) B oot pomson;; US Patent

Sengeﬁq_t l\lkp ande space: a. 3D-TOF (See for
exa %l ael, M Chen and D. M Lubman; Rev

Sci . gl nst ( 92 4@4

publ I 'shed as 75%% 6%%)% &5(%?@1 ﬁﬁ%g
examy e M folel gl E. Mt E&théqol ) aesee Adx é!mkegss@m"elr
al.; Anal] Chem, 73 (2001) WO 2004/083805

PCT/SBZ00H) A - J 3 COBET odlf P £.° S 98 L(1835)

et al. Proc. 49th ASM5
2. Sequential in time: ion traps such as Paul trap (see

for example R.E. March and R.J. Hughes; Quadrupole Storage
Mass Spectrometry, John Wiley, Chichester, 1989), Fourier
Transform Ion Cyclotron Resonance (FT ICR - see for example
A.G. Marshall and F.R. Verdum; Fourier transforms in NMR,
Optical and Mass Spectrometry, Elsevier, Amsterdam, 1990)
radial-ejection linear trap mass spectrometer (LTMS - see
for example M. E. Bier and J.E. Syka; US Patent No.
5,420,425), and axial-ejection linear trap mass spectrometer

(see, for example, J. Hager US-A-6,177,688).
3. Sequential in time and space:

a. 3D-TOF (See for example S.M. Michael, M. Chen and
D.M. Lubman; Rev. Sci. Instrum. 63(10) (1992) 4277-4284
and E. Kawato, published as PCT/W099/39368) .

b. LT/FT-ICR (See for example M.E.Belov, E.N.
Nikolaev, A.G. Anderson et al.; Anal Chem., 73 (2001)
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Conf. Mass Spectrom, Chicago, IL, 2001). c. LT/ TOF

(e.g., Analytica LT-TOF as in C M Wiitehouse, T.
whemgosssehd B. Andrien, US Patent No. 5 6, 011p@BEGBR004/001174

Quadr upol e-trap/ TOF (J. W Hager, US-B- 6,504,148). A

nunber of non-sequential nmass spectroneters suitable

for tandem nass spectronetry have al so been descri bed

(see for exanple J.T. Stults, C G Enke and J.F.

Hol | and; Anal 10 Chem , 55 (1983), 1323-1330 and

R RedTholandant xR SWé el dhi IBRA 18F Pak enlfT®@: 49th ASMS

6. 453, 109)y FoT xambe, S, Paient M. £EPe, 148 by

J. W Hager oses a tandemNEss spect rometer

conpri si ngar_10 r.ap. §ﬂﬁ§t yv @

tr apcp'l ngrtgrﬁ(%%i n Tel :kl?%lrﬁ?loér?i%r fr agrr%a\ér)]?gil ;e%hM'

arr angeceleoisd | yr. fmtdosecarny B TOKRss, Bhabyzent No.
PCT/WD01/ 15201 di scl oses a mass s ectrPneter

Compi B hg 5 e brot R RO TR Wi, (o i diATEy, WS B-
TOF grassy, angdyzer, all arranged axially. The ion

traps may function as 20 collision cells and so the

Spe%frgmgg 48 &&P@&é@&{tiﬁﬁ “@@%ﬁﬁ%&ﬁ%ﬁéwﬁ Stable

Bot h" of these spectronkters are stan at they
forelyantemxiads ejmat i omefry dmsvd rolse heeemndesapilbed (see

the col]Jision cell_ and onyar to the_ ti of.fligh
EGhEPIIRLS 25 Bot§F Lot ronet D% B ST ortighnd’ Anal
CcHE®D] e t hpdgdher £ 4 51350 cod | & Ole Dot RENaSRER Y OF

analysis (i.e. nunber of M5/ M5 experinments per
Vesepoiel) 1 kend: SPackatetial geo ef § e£%%. 109 ensure

sufficient nunbers of fragmented ions are detected by

t he FaOrexmEslandly Zeatent lue G0UM, Bxpery nent al Hager
ever 30 Cancreasl ng i on _abundances nust beasiogggr ion

dat
SO = (FTEUIRT o RAe & HEre: (AP ohe B7 eBut 59
t+9 thsd Oshec R OO 083808 M &EB2O0Y £0dd 7delt for ion

fragmentation arranged axially, followed by a TOF mass

analyzer.

PCT/WO01/15201 discloses a mass spectrometer comprising
two or more ion traps and, optionally, a TOF mass analyzer,
all arranged axially. The ion traps may function as
collision cells and so the spectrometer is capable of MS/MS

and MS" experiments.

Both of these spectrometers are standard in that they
rely on axial ejection of ions from the ion trap to the
collision cell and onwards to the time of flight analyzer.
Both spectrometers also suffer from a problem that there is
a conflict between speed of analysis (i.e. number of MS/MS
experiments per second) and space charge effects. To ensure
sufficient numbers of fragmented ions are detected by the
TOF mass analyzer to give sound experimental data, ever-
increasing ion abundances must be stored upstream

(particularly where more than one precursor ion is to be



fragnented and anal ysed). The need for high ion
abundances wupstreamin the first analyzer is in
wa@oniosxsvs wi th the fact that the greater the PONGB2004/001174

abundance, the worse the resolution and accuracy of

this anal yzer because of space charge 5 effects. For
ener gi ng hi gh-throughput applications such as

proteomcs, it is inmportant to provide unattai nable

yet speeds of anaIyS|s on the order of hundreds of

fwwt%cbe%ﬂci R1phY E8ond THR RARHSERY i Ph et 2PRRfiances

t ePé“ Se cpr?f f et M he fact
pace chlanr gtgglgf}t%%éer%}é %%T [ sat{rgn 0 i]Jﬁeél ncom nge ac
tHans lendyfester arhde hieon caldlerdaicers, tkzmabws toiie emedolution

di vi dual cur sor q% h tinme_ of qﬁa
A P HAT6S G D7 ST US%p%%d%P%?e 7Y s,
e@écﬁ.ec%ﬁ%tﬁ@f§ﬁ1§fhi S &pu Yid&PidK@Psuch as
and collision cel shoul d al so natch is 15 so_ far
prafresvlcRd dhal$ eHEROTt BnTd \PIBFV iR 4%@%4wle yet
sf SR IS L2 PACKOT QUL AN LB A i Ble B PEE s J 1R

present 1 nvention resi In a ne ndem

sp e gl et dyndis{ ay @ppressd smqtr@smtterlmmaroﬁu 51915)
an ion source, an ion trap wt lurality of

That rifat 2| W} FREILTES RIFHE 7 FR antPACET ARy

ed1d S anal ¥z8Lo 1 e AR hodi n &R SidWks tARRPELSE | 0P8 the
I ntroduced fromthe ion source an exciting trapped

ordms eherebyanal s setof reppedindiel ek ubseawtsar | H/2 .

onaII respe to the ec o]
a1 O E T SRl DA U ARG (R g bhp gt
spedds df aved1§9id heaXDlpistominelpards a@ﬂemengyso@m

Introduced fromthe ion trap in the collisjon ce

n%m%%%|#@Pf?%&ﬁmﬁﬁ@xFol%ﬁﬁé??cﬁﬁ%%e %QWW1%|%%S%eW?t§ﬁcﬁhls
i?? rtheYed L AYE éﬁéif@hé%)t'”e of flight analyzer;

operating the tine flight mass analyzer to
obtain a mass spectrum of ions therein. WO 2004/ 083805
PCT/ GB2004/ 001174 5

Summary of the Invention

Against this background and from a first aspect, the
present invention resides in a method of tandem mass
spectrometry using a mass spectrometer comprising an ion
source, an ion trap with a plurality of elongate electrodes,
a collision cell and a time of flight analyzer, the method
comprising trapping ions introduced from the ion source and
exciting trapped ions thereby to eject trapped ions
substantially orthogonally with respect to the direction of
elongation of the electrodes such that the ejected ions
travel to the collision cell; fragmenting ions introduced
from the ion trap in the collision cell; ejecting fragmented
ions from the collision cell such that they travel to the
time of flight analyzer; and operating the time of flight

mass analyzer to obtain a mass spectrum of ions therein.
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Ejecting ions fromthe ion trap, that may be a |inear
ion trap, substantially orthogonally is a marked
walepansgisn: fromthe widely accepted norm of ar@CEIGB2004/001174
ej ection for tandem analyzer configurations. The
concept of orthogonal ejection 5 has |ong been
inplicitly considered far inferior to axial ejection
because ions ejected orthogonally have normally far
greater beam size than their axial counterparts. This
woulEl eqtHdig rfif rfeah GhfoREt i@ Rappdiadt iy dre a linear
- n ]9%}:53 i Jem : [
lotq?ﬁctefg&% %ﬁig t na%la%%ngﬂ}%é A fulﬁ{]gles?%di&éaglg%/%gt% ea]ftsure
frtidwe dlieggherdednerapceypreshchafm gfesayidIngejert wanfor tandem

wever, the licant h real i sed that far greater, .

R R T e A ot CeR it (Togaraodtat | pipct ion
haNd) oo ib%&%ﬁﬁﬂi@iﬂft&dﬁ@jgﬁﬁéw i s advedt age «©f axial

| arge beam 15 size and hi gh-energy ejection. In
ejrartioulkacawde hisgth# ) e @t ta0QgIBwsL ¥ yeal ngrvafcly £ar

hi gher .ejectio | Ciange - C ' n rates,
I'petter k%:éoan réo g]eO\e/Je%h?on porgaafxaﬁﬂ;n&%&s%ef%% hi%&les: would
tlapaceephiare et apacitat 1 Whraanwerat idhefopataptuming ions,

probl em of the higher ejection energies be 20
LR R b";pes,’%rﬁf?ﬁﬂg‘{?]f#eveeﬁ &P i ores t?;‘fn?f?@elgeht analyzer .
a 9asrdidd Q‘flis_a&?\l'a{rﬁt%ﬁ teldnaherghdhesndy dpseaenst gy

in the collisions at may lead to fragmentation. By
repllt sionigelbsang. mean any vol une used for

fra ntation .,of jons. The .collision, cell Ye cont ai
gas%%veelf ’egikﬁeo Fgflcp rgi OHE froera]? Sl%&p%l}%%sfeélo ftdker
pd¥F RS Qfad ey, cdhend ragpasdé dNss e ©fiedeshab &¢tbbon and
beam froma linear ion trap into the collisjion cell.
thrs Pengfowscan PHerede the ihsadretadraregke tap3eibsam™
t [ t 'tgggg ﬁg?pr Y ' rf PRES
Sggre setp}g%dk?g%h 3%1%#% (o} encty 0 e%%:fxlb%%t.iél%é&%blﬁsi ongnal
epattiqr ed Er @it ythascal lplranch hieghen ¢pecttomnmetifieiencies,

il flieon feain. bor, oxatple, L SPILI8) oD bp B
as well as higher space charge capacity. Moreover, the
potential problem of the higher ejection energies may be
mitigated by sending the ejected ions to the gas-filled
collision cell where they will lose energy in the collisions
that may lead to fragmentation.

By collision cell, we mean any volume used for
fragmentation of ions. The collision cell may contain gas,
electrons or photons for this purpose.

Preferably, the trapped ions are ejected as a ribbon
beam from a linear ion trap into the collision cell. This
allows an increase in the space charge capacity of the ion
trap without compromising its performance or speed or
efficiency of ejection. The collision cell preferably has a
planar design to accommodate the ribbon beam. For example,

the collision cell may be designed so that the guiding field
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WD 2004/ 083805 PCT/ GB2004/001174 - 6 it produces
starts as essentially planar and then preferably

wo owusgI®03 ons into a snmaller aperture. In a predBEGBe@4/001174
enbodi ment, the collision cell conprises a plurality
of elongate, conposite rod glectrodes having at 5
| east two parts, the nethod conprising applying an RF
potential to both parts of each rod and applying a

different DC potential to each part of each rod.

It
LS HIAIERS ndtdd-§ 1R SHREPIiRElY (RLGTd 3 Heew preferably
S W thingt | {dsi 58lle . Moreover, the sane
f%%&aégﬁo%fﬁ%ngtm%@po% en#i;bal maei/ be placed, and the
sanelora goxk féerehted®giotart i dihereyoblel plarwedebh comprises

caor respondi n rts . of the rods across the urality.
= SR T8 SR Lot s TR e e fth matne ac
1ds@ P pHfe £ egtd aeshod hedmsaisim s ey Cegmasi ke

rods. 151 n other enbodinents, the collision cel

PeioHprislest@ badt RATET el rerfes W4 PRI JPIIY R tgést ferent
p@RRliaE 10 therdn, prderod . pupvide an extracting

onverging 10 towards the exit aperture from
t he Toldhcubd loeldot & efllmtaihe pheraktthydheodpnosdse all

operating, an.io 20 detector |acat i n or adj.acent
CRoh T TR W AR o bt ST 5 GRS Shec IR RYCT het b s oF a

di PNSreDi B NBYE SOMPLT Skay OReIEtd el | Nend ohales £k abr t 9
obtain a mass spectrum of precursor ions trapped in
difeeterp P Qgro g ora anthoper Riaged tde ¢omecIpoRdightparts

s anal yzer_to_ obt ai SS.Sp f e
o T Tene s Torese whk T E S aheEh R SRy a1 s
cENPe] sdreibp 1 heg i rodeiecdrids woptd oped + yoposlédonedes
adjacent the ion trap thereby to intercept a portion
tQﬁtt$ﬁﬁ¢%ﬁﬁ@kﬁﬁ?mfo@§Qﬁﬁ¥ﬁi%R%étantially or t hogonal | y.

Convﬂ?i%éeﬁ/'em@di@éh@@, detect of 1 8ot Nea £o!l bbsbhPlses a

cell ma positioned on
set of electrodes with only DC voltages applied to them in

order to provide an extracting field converging ions towards
the exit aperture from the collision cell.

Preferably, the method comprises operating an ion
detector located in or adjacent the ion trap to obtain a
mass spectrum of the trapped ions. This may comprise
operating the ion detector to obtain a mass spectrum of
precursor ions trapped in the trapping region and operating
the time of flight mass analyzer to obtain a mass spectrum
of the fragmented ions, wherein the scans form a MS/MS
experiment.

The ion detector is optionally positioned adjacent the
ion trap thereby to intercept a portion of the ions being
ejected substantially orthogonally. Conveniently, the ion
detector and the collision cell may be positioned on
opposing sides of the ion trap. Preferably, the method

comprises introducing ions generated by an ion source having
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opposi ng sides of the ion trap. Preferably, the nethod
conprises introducing ions generated by an ion source
W 20040838080 2004/ 083805 PCT/ GB2004/ 001174 - 7 PEI/GB2004/001174

relatively broad range of miz (where mstands for the

fon mass and z is the nunber of elementary charges,

e, carried by the ion) values into the ion trap;

trappi ng ions across substantially all the relatively
broad range introduced from5 the ion source_and

2 gt iite o Q@ HARae rf av el Wit rovptandhelef Hig 1on
mak UGt SUbSt anid aldnboF tgpséal%élytall%/y %}%é&ntéy carried

preferred enbodi nent, the relative oad range of
bymthealares val wis theorider ofn 20060h a0ty ifdns oacross

alternatively .be 400 to 400Q Th (Th: Thonpson.=
SRR Trbr gt SO B yr T ARG Rohpreed From
t1Rd ecdrd NEbuns md e iﬂigﬁl By ef it Kk rOW-& Bgevfy Marrow

val ues substantially orthogonally fromthe ion trap

rynag ot MapH e egikihantdal i aethademl bt her ions
in the | o{h%%%ﬁylg?%]%%{@fpéﬁ%&ﬁnér@} OJHeRfPélatively

subsequen ragnent ati on. et al ni ng
brad dnagd hef iz vangss i dhechorotdap o2 0@ Theto 2000

relatively narrow mz range |s Dbei ej.ect IS
TN T I SR T U OWRS tHE et HotP STt Rt | yTgresen =
1 GADRIASE cielLgd) on, fragnentation and anal ysis of ions
fromthe other 20 relatively narrow nlz ranges w thout
fur tOrridnding Bie thrtha@ it Feppi S Fleioniomhi¥ithin a
he wuseful_as S ' rom
r o et BN S oM e st Lt e
oftfbgrya 11y efrdhec et hmd tweyp ofid @ned | tyrdpiwimegrregion)
conprise 25 sequentially introducing fragnment ion

Witk loth (R DYNEIT oW OF etlir'stE 10h TP r Aigeenf ntpArring
rég?forﬁ)' %Pfsu&ﬁé&ﬁﬁerﬁ@%ﬁnaﬁ}@iyzﬁdﬁé&d_ OPLSARLA DG 188,
time of flight nmass analyzer to obtain a nass
spe®etanming heos agherithé ors/ assuedes ebn Wik ion trap
while the relatively narrow m/z range is being ejected is
advantageous as it allows the method optionally to comprise
ejection, fragmentation and analysis of ions from the other

relatively narrow m/z ranges without further filling of the

second trapping region.

This may be useful as mass spectra of fragment ions
from two or more different precursor ions may be collected
rapidly, i.e. the method may optionally further comprise
sequentially introducing fragment ions from the other narrow
precursor ion m/z ranges into the time of flight mass
analyzer and operating the time of flight mass analyzer to
obtain a mass spectrum of the fragment ions associated with
each precursor ion m/z range. Subsequent further layers of
fragmentation and analysis may be preferred, e.g. to provide

mass spectra for all precursor peaks.
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each precursor ion mz range. Subsequent further
| ayers of 30 fragnentation and anal ysis may be
w@e@iesisetl, e.g. to provide nass spectra for BET/GB2004/001174
precursor peaks. WO 2004/083805 PCT/ GB2004/001174 - 8
The advant ages gained with getai ning ions whil st
others are ejected may afsé be enjoyed with respect
to the first trapping region of the conposite ion
trap. Hence, the nethod may further conprise
r et &t rmi\mmg@%r%amd Wit irs-atelnat medilat kst others

f
oI5 od e S5 10 SN LY S AL Y61 O Vo
tﬂ%r;qjﬁ{@h&eyglc&wbsﬁ afié atdnypadite ansn notap t Hendde the

|nterned|ate riage of mz values are retained. O he

NFRGHAAY faRithYs HWHRS ek e Ao e Ibot 'within
el alr{@errgécpfg@e seoond SspRLt vANEePrEsete | MVERE | ©Fapping

resides in a nethod of tandem mass spectronetry using
reg s svheperieona®ri @uohpri gy e | o sogdtatantaese -

oyt col ISl ol cotdy aph A L. of [1ight enal yzer,

ISI opera e Ton source to
1rgesetfied £a t @ NSaigy i 6 mez r\eéméyed:ye br et eadige of m z
val ues; introducing ions generated by the ion source

i nt odher i Opcispl Pperatédgtdedef Oned rap tite tagpended
ions introduced fromthe ion source and to eject ions
claimen a relatively narrow range of mfz val ues 20 such
that they are introduced into the collision cel
mhllEIomr@t$¢¢wm@ PRt i orse ipre$rRNY ofnVeRpi¢prresides in

 HER T Get el reRer o FORE S8 B fom The

sé@@ti‘érﬁ?@t@f ecdhisgiet@din | Db oskiet ¢, fauagimnttr@ps a
fromthe collision cell into the 25 tinme of flig

bkl g7 ; Cahll FperattHES the F1HEnbrandigrer ah}a?y%Fhod
c arﬁ’g%?%%kis é@él‘?’l %e‘&tlé u,of s 4 hecd regnEoL 62t ONSonET RV ing

ect, present 1 nvention Tesi des in a
a relatively broad range of m/z values; introducing ions

generated by the ion source into the ion trap; operating the
ion trap to trap ions introduced from the ion source and to
eject ions within a relatively narrow range of m/z values
such that they are introduced into the collision cell whilst
retaining other ions in the ion trap for subsequent analysis
and/or fragmentation; operating the collision cell such that
ions introduced from the ion trap are fragmented;
introducing fragment ions from the collision cell into the
time of flight analyzer; and operating the time of flight
analyzer to obtain a mass spectrum of the fragmented ions.

From a third aspect, the present invention resides in a
method of tandem mass spectrometry using a mass spectrometer
comprising an ion source, a first trapping region, a second
trapping region comprising a plurality of elongate

electrodes, a collision cell, an ion detector and a time of
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nmet hod of tandem mass spectronetry using a nmass
spectroneter conprising an ion source, a first

WO ea@p8Ises regi on, a second 30 trapping regi onPCT/GB2004/001174
conprising a plurality of elongate el ectrodes, a

collision cell, an ion detegtor and a time of WO
2004/ 083805 PCT/ GB2004/ 001174 9 flight analyzer. The
nmet hod conprises a filling stage conprising operating

the ion source to generate_ions, _introducing ions

£ ljsier Aanal et he Tih Rhed FRRF 1$RS 13 r5tlliRAppiage
ion, ' i i L on; 5
T TR el O bt O T ond Al alega e
irtheodwming oo, geiergredreby tget 0fn psecwesoinfonshe first
having a relatively large range of. mz val ues. The .
CARREOP (LRI CUbITREE iR oo oEHERY | VRPERLigsTETion €0
£ SRGe SO FS S PergtdAgrddie fdhstiht 2PPLAEdr £66@Nthe ion
to 10 eject a first secondary subset of the primary
s@EiCef thr ceuiBavry | ¥Ris,0F HRTSTHEIOE bRV 5RE Bf
r j ' j nt ate range of mz
reE/)la uleLJ‘éé,Sﬂ% hieér) ?/ ]thagyé%]?%sgp}?o@%ﬁgésécond t rappi ng
r egiTite whé ttleod ef ai trheny odheriséons fivem tdeleet mnyanalysis

set of precursor ions jn thﬁ fﬁrst 15 trafging re ionb
ST di TR 1 S SRR tHAPPHIY TEDT ot TPP1RAp" FHNET t
efdamd he; ¢ Sie SOEQNEAT Yuissbs L £ Of hPI SEURSPY EOBSof

I ntroduced fromthe first trapping region, operating,
pPréruteRr derectore t blobt asecen splecef uProfUTs@ppieEns

ions fromthe first sec a S pr
n B R P rue St TSP RY ) 7, P e P ERUEERY co
t F - AEITENY at hed Né @Gy St Ba S AYE Sr&d 1 b aypele | pasaifii oo other
the first secondary subset of precursor ions.

19t hoEPTR U R ePT EBDY | $o's %ﬁS%E%ﬁﬁrs%%l%%??oh?a%£$y§?§5t
CFPERT LS el AL LLLRY cHiaPDla0 Lananc,
tismp nbng herem eche sbirsonsecohdasecomdssecohdprgcursor ions
i$ﬁ$§$%%o a %g%ugﬁgrfiggg ngéggng'Pééigﬂ?néperating the ion
detector to obtain a mass spectrum of trapped ions from the
first secondary subset of precursor ions, and performing a
plurality of fragmentation/analysis stages of trapped ions
from the first secondary subset of precursor ions.

The method further comprises a second
selection/analysis stage comprising operating the first
trapping region to eject a second secondary subset of the
primary set of the precursor ions, the second secondary
subset of precursor ions having a different intermediate
range of m/z values, thereby to travel to the second
trapping region, operating the second trapping region to
trap ions from the second secondary subset of precursor ions
introduced from the first trapping region, operating the TOF

analyzer to obtain a mass spectrum of trapped ions from the

second secondary subset of precursor ions, and performing a
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range of mz values, thereby to travel to the second
trappi ng region, operating the second trapping region
W0 2004088p5 | ons fromthe second secondary subsePCDEGEB2004/001174
precursor ions 30 introduced fromthe first trapping
regi on, operating the TOF §ﬂ?Iyzer to obtain a mass
spectrum of trapped ions Tromthe second secondary
subset of precursor ions, and perforning a WO
2004/ 083805 PCT/ GB2004/ 001174 - pl urali t%/
Pk%?&ﬂﬁﬁﬁfﬁﬁcﬁﬁ%ﬁ@ﬁ%@ﬁ%ﬂ@ﬁé@ﬂ%@fﬁl$r%&ﬁﬁﬁﬁl%ﬁs rapppsl ions

ns ch of

f%ﬂg respec?| ve pl ur ?é% %béjérggéng ??%lﬁ 8 aﬁ%ﬁ%w S
st agesclconprilsesrepeeat ivg pherskiondof r fppgmgnbation/
re ion to eject a tertlaW%Esubset of. precursor

3f153as TGRS VPR SOV RSl oF TS JareReq trapbing

r atia|dye Qribpegons) | yumidh sespestutfotheons with a
irection of elongation of the electrodes such that

retrlyieeky i myooucesndatof thez colyesisabseantially
0 eratl the oII cel l C n 1 . £
RO UL NFLER Lo ceb AU LhB bt 10 LEgl on o
tlsewmbttf@cmm ngucle ot st atlee§ ramgsﬂemteﬁodm@édi otlnconghe
fragnented jons fromthe collisjon cell ﬂLo the t

CQﬁllﬁ%?@h?e%%al9&%¥athﬂﬂ oRRretthSiHe ¢F %FCP|FEﬁF ions

0 SHSEL{ iy 0k LBEed f h
E{BRSnEMEYEREr] 0oL TR TROSISROET [oHTs 08 je0Cea from the

s ¢ endr soapPP ong f@glcexacehr@ffmmelste@@ndamyr@@bseng have
dlfferen relat vely rel at naryow. r ang 0 z
ERRyTRIte %%??y,r?% ?%r%%ifb% r?e{f sécon g?y£l§% of
flight i @iylyseferah@ epstatichyrede ht ena@rehyfdight mass
precursor 20 ions, i.e. each level refers to
a$®%¥@%§|ﬁ@l?b%%}@o%/m%ﬁﬁe%Pe%¥r%WZOQaPﬁ%sfr?%Wﬁ%Fe?héﬁns'

?@f&ﬁéS%N§ §é§9f§r fsuﬂééggegfgﬁfgguréérsySHs for each of

ragnmen ation s o orne tertiary sets of
tipe esecsvdatipnsubJbts havan@ﬁﬁﬁ@rems adbahiagémuse&stnvely
al | ows M5/ M5
narrow ranges of m/z values.

Clearly, the terms 'primary', 'secondary' and
'tertiary' refer to a structured hierarchy of precursor
ions, i.e. each level refers to increasingly narrow ranges
of m/z values, rather than successive stages of
fragmentation. As such, fragmentation is only performed on
tertiary sets of precursor ions.

This arrangement is advantageous as it allows MS/MS
experiments to be performed rapidly as only one fill from
the ion source is required. Moreover, dividing the
precursor ions into increasingly narrow ranges of m/z values
allows the ion capacity of the trapping regions and
collision cell to be optimised within their space charge
limits.

The method may contain three or more selection/analysis

stages. Not all selection/analysis stages need include a



10

15

20

25

30

25 experinents to be perforned rapidly as only one

fill from the ion source is required. Nbreover,
wa@leowiadsisgs t he precursor ions into increasingl pCEGBR@W001174

ranges of mz values allows the ion capacity of the

trapping regions and collision cell to be optim sed

within their space charge l[imts. The nethod may

contain three or nore selection/analysis stages. Not

all selection/analysis stages need include a WO
P LMY s sts PrdgeB2uRY) Dradnentat yan/ gt ue§ySbrges.  For

: ¢ ) ) os. _
eiih?ﬁ,ew% hBGUTERL SL i O, a5 Yl Sq SE@Pes - p&PEicular

e e mass spectrum obtained for a particular
ssEpoimay yssiseto Dfpprectseoridmhsngmyreevahl onhy yonaeor no

ks of int t, thereb i ng. t he,_desi
o 0] PSSl R PR LB RS Phere
may e of &ct By f&amdthe Seeonskdr&Ppi Nens eghpnbd@sejected

pul ses with tenporal w dths not exceeding 10 ns.
frpeftdiabiscong el FapRbRAl TSFHRh 29J0sl $RF BkEhebenpagal

e il fer ‘
wifBfs HSE SLARSaing™10 Sy, drefer i By 1A YedmPDr A duiach
doemnatayeheca] ectresl, asopel sesfewdinl ¥ e2rpos al st wl Hthere

not exceedj ng 10 . Ever incr i ngl referred
DTRAG ALY ety AP TR T 10 TPy cbes ofe { r dhnerpEgr, cthe

frfe & Polld may Me djdBtadhd. puldes Txpﬁtn@uté\q}l@pﬁay
push fragnmentations directly into the time_ of flight

WIHESS I arekgeeding ohf ars exi Eveeghepreatinnby cerefsrsad
08 hum T@érlﬁ%%lp%ir ";\g{&%‘? aé?o%*ﬁﬁ?ﬁﬁ%%ﬂo‘f hfx; X 00451 08s are

a single rat her a pI ng
5 g a1sms Howeweramdngy. 3 efig | aryhs ubskiss anay chosken f or

a particular secondary subset, the assocjated
Eragugntatirns g oly r g st iyt Yee ¢ s&wl?}at sPafSt he

aidSBPLd At L Ni.2T SR Al &5t AMYE O L W ZcYPl 14850 TBESE.  This
relatively. narrow ranges may be i nplenented

paaserph i vty appbiep tdrouymetteod using a single ion trap
rather than the dual trapping regions.

However many tertiary subsets are chosen for a
particular secondary subset, the associated relatively
narrow ranges may be chosen to span the associated
intermediate range of m/z values. These relatively narrow
ranges may be implemented consecutively to step through the
intermediate range. The mass spectrum required for each
relatively narrow range may be stored and processed
separately from the corresponding mass spectra. Suitable
widths of the relatively narrow ranges may be determined by
reference to a pre-scan, i.e. a mass spectrum or spectra
previously acquired by the ion detector or time of flight
mass analyzer that will contain peaks of interest. The
subsequent mass spectra collected for fragments may be set
to correspond to widths including one or more of these

peaks. The operation of the mass spectrometer may also be
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i nternedi ate range. The mass spectrumrequired for

each relatively narrow range may be stored and
w@emasossesl 25 separately fromthe correspondi NnBCTI&83004/001174

spectra. Suitable w dths of the relatively narrow

ranges may be determ ned b)e(L reference to a pre-scan,

i.e. a nmass spectrumor sp ¢ ra previ ously acquired

by the ion detector or tinme of flight mnass analyzer

that wll contain peaks of interest. The 30 subsequent
tqidrahdQr £aB) | R RO roYRRInett PIREUPIC K etOng and the

éHH? | ' [ ng; qne f
© pea({sges g’l%gfe#gﬁ%ﬁt%?qtﬁgé 'mgalsgé]ép cet{gggn]g?rgroémh?%% Ss%cond
t e PAD P Ol 33,8050 IPATE B3P ORI DY 4 ime 12f fhidlor edass

faqr each tertiary subset_of precursaor. i ons and the .
RGN VRN P (95 RO 1 GHALY [, fr ati o or Tt ively

naXSkANtrardd AR NY/ 7 g Ales COlAd S 0N 168d Ip tape @iy also
flight mass analyzer may be set specifically for t%e
apmins erm trhe ameum%j 63 ¥g rove ¥athe o0 AR af jeler Aglagp dual
t his. paragr may also apply to the nethod using a
t%afprPgJIrgég i'o ]trasp' rat her than dual trapping regions.
Fr oo auridumspecdpedthe fliegerdsemy enivan: iesi gdesidas in
a tandem nass spectroneter conpsrising an. ion source,

a PR WRE S rRECHE BRI IR F IR P 19SS R of on

£ BSS AN VAL oLl Ml dNes | Ofhnd &P # SRSss analyzer,
pl'urality of elongate electrodes operable to provide

wieteappiig firltrdap ¢comprises plurabducedf fe bpmgaksi on

ource.and to ite trapped ions _such that- the
e R A el R PR € ner a9ty bPqy o exap fons
istRsdaddd af Fom ofidopomadbiyrd® dhe th reeditosn ©fapped ions
el ongation of the electrodes; the collision cell is

sypertamie tﬂsT REehied | RS GER 1P F e FFNi e t1ap trap
' | t o ion o
s%@é&ﬂéﬂ¥yoﬁﬁ$§%?§ﬁ¥é%o% Qi fLAUEBNt o ACLEPLES ion of

I ons; an e tine t mass analyzer is
tlopes bt erddeac quie ecal histospeet ¥ uns ofpeieb 9 to accept
iéégqgﬁggggil £g% the ion trap substantially orthogonally
and to fragment accepted ions; and the time of flight mass
analyzer is operable to acquire a mass spectrum of the
fragmented ions.

The tandem mass spectrometer may further comprise an
ion detector located adjacent to the ion trap and operative
to detect ions ejected substantially orthogonally therefrom.
The ion detector and the time of flight mass analyzer may be
positioned on opposing sides of the ion trap.

Preferably, the collision cell is of a planar design.

From a fifth aspect, the present invention resides in a
composite ion trap comprising first and second ion storage
volumes being arranged substantially co-axially, the common
axis defining an ion path through the first ion storage

volume and into the second ion storage volume, the first ion

storage volume being defined by an entrance electrode at one



10

15

20

25

30

The tandem mass spectroneter may further conprise an

ion detector |ocated adjacent to the ion trap and
wopen/esisee to detect ions ejected substanti alPGT/GB2004/001174

orthogonal ly therefrom The ion detector and the tine

of flight mass anal yzer maysbe 25 positioned on

opposing sides of the ion trap. Preferably, the

collision cell is of a planar design. Froma fifth

aspect, the present jnventjon resides.in a onposite
enGRRG KY RFITIhFEFFTEHO datse@&d?‘#b%? sﬁf&f'ag e entrance
e MU RS BRING 1 ranersh ststanidaldei k-BdAdbYe tdeprovide

common 30 axis defining an ion path through the first
a itorapgtiorqagei e Ml o tarabpinod idws siatdrte | brst okagestorage

vol ume, .the first.ion _storage volu | N efined. b
v 1t T BIe L e G SUba taatiy S EEELRY one
o PG KB2004 O e/l opedablenth anckine a oipeh ebectwitlein a

at the other end, the entrance electrode and the

£ igetimon %l g0 diiBei i opetaitE t'edriovified T $1eppitg

i old. for . , g . .
L) Plod AL i 5 A AN 4E S 0 SLOK e
vaelome i Sty seortd aromus teo s e tvaldese dpeirah| de f tnei by ethe

trapped ions within a first Z range su t hat .t he
o d St oot cnd Jadl R e SR ak R the
ot HE© dhe, S8eONehirbh & @G 3 B hd e sEeonde 1 &t rode

storage vol une being defined by the conmpn el ectrode

beingererabd@a Fietids ale@anndy dtiekd fap ofyeping ions
. t h I
Hgncdne é“eec&%gm;&% e;te&gﬁogg,@al d) ecﬁéir:!f@ce§ra&ff&ﬁrg@&age

ei'nhg ‘opera 0 pro rapping fie or
vdlInappi hgrilons cdmpit el se consl vl strafe vaigatee ¢hectrodes
secqond ion storage volume further risin

ORfFARAG t§P &X@%ﬁ@%@%&%ﬁé&l%ﬁggb‘f%?rﬂd g%h’éange
S%@D&%& ans it &y & S8E okl N Fe Fadlger dSn Stied $8@8nd ion

e excited ions are ejected fromthe second ion '
s s 1A g ev yloinaes wedsAEnt 4 Bl ¥ yoorhdmyonal ¥ yte othdedirection
gi recti on.orclaf ellré)n ation tlro(_y hrtanr exit aperture.
Ol S EIEBT T t HE BT Hpertir €5 et'Shgated in the sanme

Preferably, the exit aperture is elongated in the same
direction as the electrodes.

The person skilled in the art will appreciate that many
of the advantages described with respect to the first and
second aspects of the invention apply equally well to the
composite ion trap, mass spectrometer and tandem mass

spectrometers described above.

This invention may provide methods and apparatus
implementing techniques for obtaining tandem mass
spectrometry data for multiple parent ions in a single scan.
In some embodiments, the invention features hybrid linear
trap/time of flight mass spectrometers and methods of using
such hybrid mass spectrometers. The hybrid mass
spectrometers may include a linear trap, a collision

cell/ion guide positioned to receive ions that are radially
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direction as the el ectrodes. 20 The person skilled in
the art will appreciate that many of the advant ages
walemansisesr]l with respect to the first and secopPd/GB2004/001174
aspects of the invention apply equally well to the
conposite ion trap, mass spegtronmeter and tandem mass
spectroneters descri bed above. 25 This invention may
provi de met hods and apparatus inplenenting techni ques
taining, tandem nmass__spectronetry data.fo
< ASFEES) B e T ERE R Reny haa SCERRE-PR-2phghe mass

aeabpdenent sn bberhbvent i oonkeabyir b Aybuind1htB8aRn the
trap/time of flight mass spectrometers and nethods of

LiReng BB°BuchPRyBRY dofegsespee( porErersd PrENAYBRRYLY such
t%%?satSP@&@%O%F§8f§iHHYOfnEthgcéu%%fgéédtEgﬁs gngﬁg the

l'i sion e I on guide positioned to recelve
cehhistor call al Ve 2OOK/ 083806dOCTH GBADDAEDOME74ith a
t%% gjected fromthe ineir.trag and a tine-o%éflight _

TEERT FRAI 92 eP2STH" opRTALT bhiIi HHRS nBFY beXLEchitEl §Pé4ision
céll t&ed thayews trapsmandedByobehe] echedbextl aghedmass

orthogonal ly such that at |east a portion of the
angtyires af @l *ontyehter The Bykvidisren seertramerers may be

cdhey @%gduggéﬂ99h§9|éi§&Pf3f¥ééﬂ%ﬁt %?%g§£uga§agrPe
gases. Resulting ions may exit“the c rsron “celT and
ao@yiped t fansedth eorécutder t iom- ofef | wigkh sB8S8ning over the

The hybrid mass, spectroneters

£ | yzer for analysis... ,

W SS comtygured-Buchi TRt TR | TRAYnBAY Bpetehidved Dy

pEae Pandd-RLAI 20 fRE £ALTe PI SEUFSGP! 2 h QT SYEN MRC TS
scanni ng over the full mass range of the linear trap.

ar s hyapevekhi avdey byrtipeapeal ned et hon obf tioes from the

S TOF anal ysis and LTM5 analysis as well as
1@§§%$t%%%%hal ejection of ions fromthe |linear trap

1P LA o0 STRRSATRI s 1, TEE o cnalyeer, Ty e o
t¥& that has “multi-channel advantage” as well as
sufficient dynamic range and acquisition speed. It is
highly desirable the experiment to be done on a time scale
appropriate to chromatography and, in particular, liquid
chromatography. This means that acquisition of data
defining a large area of the MS/MS data space can be
acquired on the time scale on the order of <1-2 seconds,
while each MS/MS spectrum might be limited by 1-2 ms time-

frame.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the
description below. Unless otherwise defined, all technical
and scientific terms used herein have the meaning commonly
understood by one of ordinary skill in the art to which this
invention belongs. All publications, patent applications,

patents, and other references mentioned herein are
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sufficient dynam c range and acquisition speed. It is
hi ghly desirable the experinent to be done on a tine
WG eakmes3sappropri ate to chronmat ography and, in PCT/GB2004/001174
particular, liquid 20 chromat ography. This neans that
acqui sition of data defining a large area of the
M5/ M5 data space can be &%I red on the tine scale on
the order of <1-2 seconds, while each MS/ M5 spectrum
~mght be limted by 1-2 ns tinme- frane. 25 The details
ingforgier reddne XHBTRMEhtS dihee nivieirton B ecase of

Ld n difie ACCOIRANKDG £1 Ay N5, and e finitions,
© eslcllrrblep'tigo}{n]ee el ow. Unl'ess otﬁsérlrvsgg'e gg?i nedr,lg aﬁi? initions
witlde hnirtatol and e eniddtwrdasr b isst hamrd ndoart ades of

meani ng conmnon| under st ood by one .of ordi nary. skill
e AT s BF S el T s Soa i and
aRupldgAt i ons, patent applications, patents, and other

references nentioned herein are WD 2004/ 083805

BAEH GRAOAHN0IIT 4f -tHO pidwiorated by reference in
et :

conflict, the present

specjfigat iﬁbér&ﬂ(;%}%%d;gd%%iir? jons, wll control.

Q her features, vant ages of the

i nventio i 11 be e the Ccriptio 5
dr avvilr<r]gusr.ne \Igfrilﬁ %@?%ﬁ%ng%fr% h%l Z‘\%\% n"‘g’;;séf I% rtﬁ‘%es
S [RECOTE s M G dlf awvd s | t &-i Pureentdod Smentt apf Vi leav pnelsent
. side view of a nmass spectroneter according to an
18tYdidfent of the present 10 invention; Figure 2 is a
perspective cross-sectional view of part, of_the
col IFigWre celis G DHRRRCUIVR tHr O Dhss @t EPhdy Yiew of part

2190 Brecti gn X Ande shaws-paf ty Ol then &1 et & L8k it
°Citcuit  connhect edlthereto, 15 Flvéure 3 correspo%gét%
alrgurd X ctidn shovendnshows part of the electrical circuit

connected thereto;

Figure 3 correspond to Figure 2, but shows an

alternative collision cell;

Figure 4 shows another embodiment of the collision

cell, whereas only DC voltages are applied;

Figure 5 shows sections of two types of rod electrodes

that may be used in the collision cells of Figures 2 and 3;

Figure 6a shows an array of electrodes akin to that of
Figure 5a and the resulting potentials and Figure 6b adds

indications of entrance points and exit points for ions;

Figure 7 is a top view and a side view of a mass
spectrometer according to a further embodiment of the

present invention;

Figure 8 is a top view and a side view of a mass
spectrometer according to a yet further embodiment of the

present invention;
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alternative collision cell; Figure 4 shows anot her

enbodi nent of the collision cell, whereas only DC
wo eloumagesss ar e applied; Figure 5 shows secti onsPOf/GB2®4/001174

types of rod electrodes 20 that may be used in the

collision cells of Figures %%qnd 3, Figure 6a shows

an array of electrodes akinto that of Figure 5a and

the resulting potentials and Figure 6b adds

i ndi cations of entrance points and exit points for

i onF it ShoYs FI9p e eFRF R ssdevifovio o trap:

mass 25 spectroneter according to a further enbodi nent

of tHieguys es®rithUR eht T Oht LI FLOBLatked wph viksy gl ision
Cehfjde view of a mass spectroneter according to a yet

$Ur't her enbodi ment of the present invention; WO

2004/ 083805 PCT/ GB2004/ 001174 - 16 Figure 9 shows .

ci 1 TSP ab G Bl ed M T IET o7 TPAH Y HEtR e G000 with
I8 OS] IGi & Tt tdal mssoci ated with the collision cell

Figure 11 shows alternative circuitry associated with

5 the; fokd i 51 ath&ed | i Fhail 8y 120 Shavse £ BE WdIvadds for the

create DC voltages for the <collision cell; and Figure
caBl shows Al orexdurce and conposite ion trap

according to an enbodi nent of the present invention.

10 DespuretidrelofwPrat erordsEaporli aikctht SOTPRS Ehd otPrehrap

of a,LTMS/ TOF hybri d. nass spectronet e C ' to
2SR d Fn HEoRUIRES GPOAL WEL Sy, 2080l I [ 0

Figure 1. It conprises: 15 ion source 10 of any known
type (depicted here as an ESI source) with

transporting optics 20_that may include
Description o0f Preferred Embodiments

One embodiment of a LTMS/TOF hybrid mass spectrometer
according to one aspect of the invention is arranged as

shown in Figure 1. It comprises:

. ion source 10 of any known type (depicted here as
an ESI source) with transporting optics 20 that may include
any number of selection and transport stages, and may

include differential pumping stages (not shown) ;

. linear trap mass spectrometer (LTMS) 30 with
electrodes comprising Y rods 31 and X rods 32 and 33 with

slots;

] optional electron multiplier-based ion detector 40
that faces a slot in the rod 32, so that the detector 40 can
accept ions ejected radially from linear trap 30 through the

slot in rod 32;

. collision cell 50 that faces a slot in the rod 33.
The detector 40 and collision cell 50 may face each other
and the slots may be of corresponding size and shape. The

collision cell 50 contains an envelope 51, a gas line 52, RF
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any nunber of selection and transport stages, and may
i nclude differential punping stages (not shown);

WO poveas3shHs ap nmass spectroneter (LTMS) 30 with POI/GB2004/001174
el ectrodes conprising Y rods 31 and X rods 32 and 33
with slots; optional ele Lfon mul tiplier-based ion
detector 40 that faces a s in the rod 32, so that
the detector 40 can accept |ons ejected radially from
linear trap 30 through the 25 slot in rod 32;

reshlgliegton |5%@Q%£rq%l@sb1&s@%tf%%ﬂ4rﬁéwwas@

elglﬁtxdoeéees‘:t 5y Sr?&q a0 | shan &6l lhaQ,dmy faee £acihg

and t ts may be of” correspondi ng size and
cslhlapﬂorﬂ'l‘c&allccﬂd irstagis deb IbsPwaadins @n st ocpxee51€;md

as line 52, RF 4 083805 PCT/GBZO 001174
E bl vt r%%rsvé\?? d% sfrpwings),

@ﬁ&é | Ya i e Bed oS pﬁ&ﬁ;ﬁﬂﬁﬁt S)Ga'5o4 usTéte f5 HEL W)

30 and collision cell 50 needs to be punped by

cotl i sslpst asnlel %dSOLp]rdafk@ abt §f exgny nforos Havat fop LTMS 30,
§
e)&{r@ésc't gjohls C%Sﬁrfl ﬁ%&g[g %ls%néeggﬁ]}%%ﬁcou pry

oteenliddarent fron1that in LTM5 30, exanples |nclud|ng
nitrogen, carbon di oxi de, argon and any other gases;

i on beam sdia e SNgEsndP 0l 410688 esb OrbddteedXxbit e séxdet
of the collision ceII 50 to influence ions exiting the

=13 195 01 e} Lt o utel k P8 Hed TOF THRRCAHAYS cFXoping the

cdiF RSP A V&8 rdhe p&?f@r{@bde %aé@%ﬂimp%
type, conprising a pusher 75, a flight tube 80 Mﬁth

optj onal r cter 0,
(ACgOerI ng y% %% gerggtle)?%]ﬁaﬂﬁljl‘o?—&ana yzer§7%)f)ft_f%ér)n tlﬁéﬁogonal
e esom®oi s tdhepusidér e j o fBlgﬂntantgﬂde b8 tineth

pusher 75 through 90 to tr vel éds the m gor 90.
(el PR3 ¥ orl9p P ed0 an 1on etector 100.

Accordingly, ions enter the TOF analyzer 70 from the lenses
60 and their direction is changed by the pusher 75 through
90° to travel towards the mirror 90. The mirror 90 reverses
the direction of ion travel such that they are directed to

the detector 100; and

. data acquisition system 110 acquiring data from

detectors 40 and 100.

The spectrometer is enclosed within a vacuum chamber
120 that is evacuated by vacuum pumps indicated at 121 and

122.

One implementation of a method of using a hybrid mass
spectrometer as shown in Figure 1 to obtain tandem mass
spectrometry data for multiple parent ions in a single scan

will now be described. In operation:
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the direction of ion travel such that they are
directed to the detector 100; and 20 data
wW@empdiogisti on system 110 acquiring data from detEGBRI0S/001174
40 and 100. The spectroneter is enclosed within a
vacuum chanber 120 that is evacuated by vacuum punps
indicated at 121 and 122. 25 One inplenentation of a
nmet hod of using a hybrid mass spectroneter as shown
in Figure 1 to obtain tandem nass spectronet r{o dat a

1for Tang igie REABHIET s 3 SRGHYI LB SHPTGF |10 nBiRIRE .

esey L L erat imn: 2004/,08389
E%C'S‘I'F;‘1 C%gg(c)&ﬁrg%ﬁ&;lzé r{i'- él)lg' éllp | ons’ )are pFL_bc%lsuSc:etcf1 %?/u%r}}y
t derepo i toimes optciec L gdAtadius K5 td i 18IMB i i sati on, El,
Cl, etc.) and pass through transporting
2 opt i mE{aphes adasudll dted BvSl 3 aded ains t@die LTMS 30. This
accumrmu] ated and trapped in the LTM5 30. This 5 may be
S idrPrB-’rle”beI?‘?/\/oo‘fx’ivaVé‘? WRYPr ef erably, an automatic
gain control (AGC) nethod is enployed, as described
by P ScrREgisrabdy zifgu, amWonadi iy JH uS sl ofECirHpethod

mul t Pl 60 RAsed JOMhe et SEIOMLAY CALRE UL B FRANS .
to measure t'he nunber 10 of 1ons accunulated in a
prelBigmairy @ periheni2d or Bhe kmolvini p brer paetd oo i ne
aIIo'trr:eg estimation of the. rate of ccurrulationl,(l)f b

i onFGTETHE 1T heed™ (R S HU "THET e OretTRE Dpt i ral ST
i on dij £5itd HedumEl {18d the dghrel BxpeliPestpet DRsnarfor a
accunmul ated in the linear trap 15 for sone known tine

and knren e @t e $¢lokan Helmg mebkovina e 3ol udfetrr Hat the

Soneraaéeeé Cécd%uf&f tcgi?zzﬁ&ggr'rffothe @fﬁ‘egﬂtra .30 and

arrangenent corresponds at of a ‘conventi ona

r adi ghe ©3 Bste orhd TdfE 3k Acomt dimpedtoi & t Hnd200426he Imain

thi Sexa;gérainrgeerrlrt?.m ’IciJr(l)sn ae%eecéég&mglaantgg in the linear trap
for some known time and then ejected from the linear
trap 30 such that some are incident on the detector 40.
Such an arrangement corresponds to that of a
“conventional” radial ejection LTMS 30 according to US
5,420,425. In this arrangement, ion ejection can be
m/z sequential. This allows for correction of the m/z
dependent gain of the detector 40 in the estimation of
the ion-injection time need to f£ill the linear trap 30
with the desired number of ions having a chosen m/z
range. Alternatively, the detector 40 can be mounted at
the terminal end of the linear trap 30 and the ions can
be ejected axially en masse to the detector 40 for
detection, estimation and control of the number of ions
trapped to in the linear trap 30.
b. Alternatively, the optimal accumulation time for a

given experiment can be estimated based on the total

ion current detected in a previous experiment.
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20 mz sequential. This allows for correction of the

m z dependent gain of the detector 40 in the
we@sdouosasddn of the ion-injection tine need tordT/GB200he01174

linear trap 30 with the desired nunber of ions having

a chosen mz range. Alterngfively, the detector 40

can be nounted at 25 the term nal end of the |inear

trap 30 and the ions can be ejected axially en nasse

to the detector 40 for detection, estimatjon and
3conttWiing e HulRhIR Pbnons rapredh® Hinewe trap 30,

alslmeal §r§ﬂhé%§%£-%ﬁ¥5§ﬁﬁ§ﬁéﬁ@%¢bf5fﬁ%fﬂ%fém%pplied to the

accumul ati on or a 30 given experiment can be
raadte It mcb diass 3l 038 tthe caottafol jtore ow z emenglet eft pdetwrsor

. & prevjous experinment. 2004/ 083805 . .
i el B BOSTreE iy 128 Dok kP 3 oliR R bike
mdrSr |18 hdwes | deddnt e BOLTMAUXG | i aropapht 8ges

(br oadband waveforns) are applied to the rod

4 el ecifdes; 3 - 33 4o £ont rohrther r@i@x{@f@%o&opﬁsggé SPAy be
ap

‘tons initially stored in the linear tr O (in a like
app egthern terdw o conventi onal LTMS 30 is operated);
4. After ion injection, further auxiliary voltages may
be applietféeat dralerer osekectidmort behe en/ zetranye obr ofanges

the m z range or ranges o f pre{%frseo(%_s ions to be
anal Yz RF ST Lt L & g%?t"i‘r& B Narrow m z range
of precursors so as to select a single ion s

ecie
Cor Bew | SmLCSheti RAYE S Thelr B 18 AP P9 R grenb L EorESoTs
reacty ddato SPESEES: L1 MINEULS TSR0FROE 06y PESFIUESD

ions. This procedure may be repeated a nunber of
ti mespgaiey) sondsthen texpild ormal af MBIMeXpefPreneact) that

(MBn-2 NB/ . These -2 ages i sol atjon :

{r 2GR orf e s araar s o R esf Fhfow Thos

firstrddeddrsteps oe eroesdosdes nwhbdr aofonieas i onak) so as

LTVMS duri ng a Mbn experinent; or . n2
to perform a MS" experiment (MS MS/MS). These MS
stages of isolation and fragmentation are substantially

identical to how the first MSn-1 steps are performed

with a conventional LTMS during a MS" experiment; or

C. otherwise manipulate or extract ions within the

linear trap 30.

5. After ion accumulation and manipulation steps,
precursor ions are ejected orthogonally such that typically
at least half of the ions exit the towards the collision
cell/planar ion guide 50. This ejection can be performed in

a number of ways:
a. the trapped ions may be extracted as a group;

b. ions may be extracted m/z selectively and/or m/z

sequentially; and

c. if ions are extracted m/z selectively or m/z

sequentially, it is particularly useful for the ion
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c. otherw se mani pulate or extract ions within the 20
linear trap 30. 5. After ion accunul ati on and

WOorov4f08dses i on steps, precursor ions are ejectBdr/GB2004/001174
orthogonally such that typically at |least half of the
ions exit the towards the |ision cell/planar ion
gui de 50. This ejection caf be performed in 25 a
nunber of vvays a. the trapped ions nmay be extracted
as a group; b. ions_nmay be extracted mz selectjvely

and/dﬁtq—ﬁtzor %J@td%q%ﬁ iRl ons fe¥W%r@%x¥¥%%%$rap

+ah | |
partl cuj] arLJI %)égﬁ or t%}%e&%{c:)%}{?\r}fb%o 0853%10%9,1011 cell
PCT/CBQGﬂmﬂéﬁxhrhbe:Hbtehﬂqxn4ﬂ wil t oneretent thweicahby the

t t d .
bt SR RE AR s e R T S %oslgnal
W | Indasdingsdy s Pt ide a gdhesuhedd tdn thesd r pdethum

ions). This recorded signal 5 may be used to provide a

6 Pr el SUnd QLTRSS SRRCIEAHAN Brap TGO F28tahPedOes
known trap/ TOFMs arrangenents (e.g., US 5,763, 878 by

(€).g Fr difz én 3 L@%mooz/mmwr NJS - Ppa2¢<021@@1%2980 by M.

extracted fromthe Ii Jear 30 are directe
PR ’c]ocfrﬁ O 25T g nr%rtkll%ﬁlolgrllﬁa 55 %?e? ey }gﬁed
i Lﬁ}ﬁhercg:allcmlcbrslmmmathalargﬁt @asdend @cwthe€sBe they will
provided in the collision cell (typically N trogen

Wf@’fﬁp AN oT ORI IMED t@FRR Al 955 {HOLRE B [ RY ORECHH 0 the
ccgjﬁlzse fod rl:é‘lefB;ngSlc&Pi}}'ﬁi@fb daduced dh Ssoch ALt OReQbn) .

| oNns SS Specl al care 1 s taken to ensure
Gértmrddnetuloemewcgyl'micom V'vx)hls A&sweht ek nay p:h@mpt
Hll\ilsmn II/CE narlo gu i s ver 1
QLo g%ré Ul B TROTART U 1o %?%%? dt e a lbl?]e% % %?eCla
cd @D MBSS 1t d Whdird (e aathdByc benaedy eyedchy Ushag

low RF voltages (wWith the paraneter q of the Mathieu
Qﬁﬁ%ﬁmgwﬁhe collision cell/planar ion guide 50 is very low.

Such low energies could be useful for providing a precursor
ion mass spectrum in TOF, and may be achieved by using low

RF voltages (with the parameter g of the Mathieu equation

typically <0.05..0.1). For CID of ions, values ¢g>0.2..0.5 are
preferable.
7. The resulting fragment ions lose kinetic energy in

collisions with the target gas. The RF field in the
collision cell 50 provides strong focusing of the ion motion
about the central plane of the cell 50. Superposed DC
fields cause ions to be drawn or dragged along the plane of
the cell 50 such that they exit the collision cell 50 as a
“focused” or collimated beam. The same action could be also
achieved by DC-only configuration that makes the collision
cell look analogous to an ion mobility drift tube (see, e.g.
D. Clemmer, J. Reilly, WO 98/56029 and WO 00/70335). Unlike

the latter, separation of resulting fragments according to
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typically <0.05...0.1) . For CD of ions, values
g>0.2...0.5 are 20 preferable. 7. The resulting

wo eagngashs i ons | ose kinetic energy in collisiPCEGBREA/001174
the target gas. The RF field in the <collision cell 50
provi des strong focusing of_the ion notion about the
central plane of the celf'éﬁt'Superposed DC 25 fields
cause ions to be drawn or dragged al ong the pl ane of

_the cell 50 such that they exit the collision cell 50

igr mpbikigeigredts diOt BPUT FRRG I Hetitd ONPRA santh akle ofontrary,

. be : j £V, =onl yeC [ [ hat
B S S P S A
tmaie it tyf didrid wikde nisesnure. gpr&0d Dof Clenhertides though

Reill]y, WO 98/5 9 and WO 00/ 70335).. Unlike the
W%%ﬁt wele REST IR of TR i%@gﬁf%%m SCRTEStTPhg to

WO 2004/ 083805 PCT/ GB2004/001174 -.21 jon nobilities
8is nNANHUIRRKr eI FREtE IR TREL cohttRargRe Phetwo

mdpd &, obj ective is the fastest of the order of 0.5-3
nms, transit of ions with m ninmum spread of drift

Limes thougl, di Mhd ONeR,8S8L Pl €t dl EhbaloRMsion cell 50
ki netic energies; 8. Tons may exit the collision
cel lab0a i sommnienwdug viveamodesch ai s i noduhayedeinal iowedsity

to | eaye }he colljsion cell C ntinuoug beam
[

0
i G B S o sty TR SV o F BEE T BReoT

as thendl & &dekd YPEoRT Ik ETIRSHF dFap ONG £f e§ELAnéHONbY
the linear trap.30 is scanned (or stepped). It would

be experped) t hatt fvaghdnte ¢xparaed et videgrents from an

precur sor. ko ' l{Esi C L.t hin

0. 3050 1 S badre et kol Sl Bl Pho oBPLIEABh oot

t he sollishdn Tedl3d00 wicdbsbeconde ffebdstlieypreatitbyor ion

DC fields) may be varied d nanicallg so that fragnent
i onsSR TR cleitil SRBE 2R tF apped bPFef ly (10

mlliseconds or |ess) and extracted )
b. the fields (typically DC fields) may be varied

dynamically so that fragment ions are accumulated and
trapped briefly (10 milliseconds or less) and extracted
or released as a concentrated and relatively short

pulse of ions (within 100 microseconds or less);

9. Ions exiting the collision cell/planar ion guide 50
traverse to the pusher 75 of the TOF mass analyzer 70 though

lenses 60.

10. TOF mass analyzer 70, preferably of the orthogonal
type, separates resulting fragments according to their mass-
to-charge ratio, determines flight times and records their
arrival times and intensities using an analog-to-digital
converter. The repetition rate for this experiment should
be high enough to represent accurately the changing m/z
distribution and intensity of the fragments introduced from
the collision cell/planar ion guide 50. In some

implementations, the interval between successive TOF “scans”
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or released as a concentrated and rel atively short

pul se of ions (within 100 m croseconds or |less); 20 9.
wo 2g/083803 i ng the collision cell/planar ion guPciEGB2004/001174

traverse to the pusher 75 of the TOF mass anal yzer 70

though Ienses 60. 10. quzﬁpss anal yzer 70,

preferably of the orthogona type, separates

resulting fragnents according to their mass- 25

to-charge ratio, determnes flight times and records _
showehd ke rinathe i FRRgrml | 10 eHAG ¢ i BkCIRFpgOR%S - 1L the ions

-1 0-digital 0 T titi I f

e B R T Sbuoh 15 FeprsadayMose
tlaac wiad et yiddwer Thangf nghen ZOF désdms beam ope apdmed to

intensity of the fragnents introduced from t he .
CUATTRI, KR IFIER aiT T eag%ﬁ%eto%%ﬁm%t%o%f? be present in

thdPrEmERt e NS5 ; t he interval between successive TOF
"scans” WD 2004/ 083805 PCT/ GB2004/001174 - 22 should

1P ithd hea s @NYEnHT 3205 1000 3 LEOSELQNES - ddfat BEq1O8Stion
are released fromthe collision cell in a pulsed

sywosy 1ihevhidle congeers nghofrahet MGF tebemstby @data into

| med d wh h | f
o T O 0T IRl RS A e ) SPIECe [ABUITDAR chen e

t F Q54 &+ PG] dd 2a 2 LL P OEEs8RSl dyd datal pelsli Sbtpater (not
system 110 which converts the rawtine intensity data
shown) WeRLe sYREIPWF Wata IPRSSraht@éast 3yl pese2ddt a

séé?#ﬂfﬁ@ g@blér@Q§f§%r§§%;P%§ dat 2, 51 Pragenandata .

anal ysis conputer (not shown) where vari ous mass

ool 188 TOERRAT BT Ththe SSREEVLOP AP TR S heee P

opedd tygerinfa Frgutetst cfimbéesoperated in a variety of
nodes: 1) for all-mass MS/ M5, the RF of the LTMS 30

1can Her 451 seasseds 209} i feusk YoM the TOEManabyzen ©o
generating fragnment ion spectra for consecutive,
Sprieeed sePNt bauaygly with TOF analyzer 70 generating

fragment ion spectra for consecutive precursor ion m/z

windows;

2) alternatively, also for all-mass MS/MS, the RF of the
LTMS 30 can be scanned in steps, with each step
corresponding to some suitably narrow precursor m/z window.
For each step, a corresponding narrow m/z window of
precursor ions (e.g. isotopic cluster) is ejected from the
linear trap 30 and fragmented in the planar ion guide and
collision cell 50. There are a variety of ways to accomplish
this (mini RF ramps and then hold periods, mini frequency
sweeps of the resonance ejection voltage, narrow band
resonance ejection waveform pulses etc.). The precursor
ions enter the planar ion guide/collision cell 50 and
fragment. Fragments may be accumulated and trapped adjacent
to the back end of the collision cell 50. They are then

ejected in a pulse to the pusher 75 of the TOF analyzer 70
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wi ndows; 2) alternatively, also for all-mss M/ M5
the RF of the LTMS 30 can be scanned in steps, with
we@2mh/0sisep 20 correspondi ng to sonme suitably nBET/GB2004/001174
precursor mz wi ndow. For each step, a correspondi ng
narrow nmlz w ndow of precursor ions (e.g. isotopic
cluster) is ejected fromthe Ilinear trap 30 and
fragnented in the planar ion guide and collision cel
50. There are a variety of ways to acconplish 25 this
andrinyi z RN arfRd &y & HEP RS dF Perg ERE L TRING - P efietty
agaﬁog&%a{%e LAS S BSARANGS, S Gt 110fk VIRAE aga1 VAL F 0% baftbropic
esonance ej ection waveform pul ses etc.). The
pairteenn Sof aliloreats ern ttiee plagmrspett gum del tblbe stegplved
cell

50 and f t . Fragnent b | at ed
S R AP SR 50 STt S TR Bk end of the
3ot RGO ST e ge a0 2604 ssoys 20
cRCULRZO/ Q0A ML in 23e RGN adalayeed Heh FrS8f@ER ions

TOF experinment. Wth an appropriate resol ving power
pwfduded TIOF el gkl Fen et € cyatheranalysgd prakove;
ai(f the mass spectrumw || be resolved to allow charge

"State deternination; 5 3) for top-down sequencing or

for all-mass WMon/ NS, LTMS 30, can be used for Msn in
) he SRUAERLY S HEIT (o IR OAASH 1 n ¢ he
nEltSharnc £el1059 S benanalys et/ asrabgyecan bl dored in

for M5-only detection or high-mass accuracy 10 _
thedstferEhtEs 1nDrishoVein i HET figfesiary difel takd pbntensity

st ar i 3 ' 1 ni S :
7 QR Ty VA e AR R SRR ek Hon.
Thewad:andi ok piod aenexgy taf i tdre e jdered thenki e iloe made low

energy of the Z%ected i ons can ngnadebiomz enougﬂ tf
ORI §9 R ot TR PR ot i SPOrC Rkt 7 pPangr b lanar
ibPrygHide. A 2l terNative Approseh o the &j&stion of ions

I ons
from the linear trap 30 at low kinetic energies is to
superpose a weak DC dipole field oriented in the X dimension
(and perhaps superposing a small DC gquadrupole field at low
RF voltage so that high m/z ions remain stable in the Y

dimension) and then very rapidly turn off the RF trapping

potentials applied to the rod electrodes 31 -33.

Other schemes are also possible. Above all, the
instrument could be used for "traditional" ion trap type MS"

experiments as well.

Embodiments of the collision cell/planar ion guide 50
will now be described with reference to Figures 2, 3 and 4.
As the slot in electrode 33 that allows ions ejected from
the linear trap 30 to pass to the collision cell 50 is
elongated in the Z-direction, a special arrangement of
collision cell 50 (as indicated above) is necessary to

accept the ribbon like beam of ions emanating from the
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fromthe linear trap 30 at | ow kinetic energies is to

superpose a weak DC dipole field oriented in the X
waleowengiseh (and perhaps superposing a snall DECT/GB2004/001174

quadrupole field at low RF voltage so that high nmz

ions remain stable in the Y 20 dinmension) and then

very rapidly turn off the trapping potentials

applied to the rod el ectrodes 31 -33. O her schenes

are al so possible. Above al], the instrunent could be
ligsar figrar t3Qdng oiRdus idh 1% & ypaNbrPuresipers@ehted by
- Sysele] i%g t I Si I
T@}%UF&%O WldJ] nov&s b%%e@%%gt%%?ﬂnﬁéﬁégnﬁg%otmse
addmprss] 2yy 3 and BR-AAs, 24, 33Dt USh-Rtecd34 002833 YHhak-

[ lows ion jected f I i p to.pas
s i ris boils 24 o B4 780 (W RN e T fpstaPEifers. 2
plartyF @0t | bh uisRedal By rangenest i S0sDllssb@Ncell 50
cell 50 (as indicated above) is necessary to accept

tq mrevishore |RkaWwehimdfii Ratehed i 3y §9ommthel o planar
805.,PCT, 0 011+7 ' 0
s A (:FA‘{]%E%S I‘r’{kf% nc%o%gf% lf's 50 2s4hovln'1 &%@;F{#@?}% 1 and 2

0 a tight bunch require
arhesenmhisdd @ ngesrad epanucd 33d ¢ Sdmantkiinga 1 temathiose RF

addressed by e.q. EP-A-1,267,387, US-A-5,847, 386 .
PHEES, O, Rt 25 HGIE AL, % TE B VA TS Ty 26%2‘?%0%@?%5 ion
gL Othel S . Pl @nad e Ricd &, gui gler kanohes U&@@wﬁpro%posing

this collision cell 50 to provide a RF guiding fiel
rovhvd Irr redssanit ikavy grarsame R e tirzge Ragol | i 8i on

ells 50 shown in H es d r ' 0
P P IO OB Bod SO corpEpEREL Bt ol
opihted #nd Sréd W e theddeed Y5 DIhRF @pposd té ®F IdoJuages phases
that may be_constructed. In the ones,  shown, o osi&g

(3SR At TSR FFFRARS t P samP R Vbt t12y6° phlaes?
prephstant iald vi ool yvad &by d o gyl den 05 Worb sk £5UhE Ehe

opposi ng rod el ectrodes 53 had opposite RF vol tages
maqphiase o aijrae eattoutnd et extntogel BEe 53b e | Lohageide 50.

sé§§¥§%§éé DC potentials are used to provide focusing and
extraction of the ions within the ion guide 50 such that
ions exit as a beam of much smaller cross-section. Trapping
of ions in the collision cell 50 may be achieved by
providing DC potential barrier at its end. 1In fact, the
collision cell 50 need not trap ions, but could be used to
fragment ions as they travel through. The planar RF ion
guides 50 with steering DC potential (gradients) may be
constructed in many ways. The following illustrates a number

of these:

1) the DC offsets on each pair of rods 53a, 53b are chosen
in such a way that a two dimensional potential well is
formed acting in the direction normal to the axes of the rod
electrodes 53 (the Z dimension in Figure 2). An optional DC
field to draw the ions along the rod electrode may be

created by superposing a DC “field sag” onto RF field using
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15 phases). The inhonbgeneous RF potential constrains

the notion of ions about the central plane of the ion
w@eiod®esB0s Super posed DC potentials are used POI/GB2004/001174

provi de focusing and extraction of the ions within

the ion guide 50 such that ,ions exit as a beam of

much smal | er cross-section.”“Trapping 20 of ions in the

collision cell 50 nay be achi eved by providing DC

potential barrier at _its end. In fact, the collision

fxeld shemeres neha 132 39nsas biesepiped piorisklietaxial case
1r§r§91§‘?”frabr§;5‘%%r"f‘ ey frays; {%éout%‘ PJP?n?lﬁBarGRE1} 250,

ion " gul steering otenti gradi ent’s

andyB k. Zﬁmzqnsmmum@dcm ncmylﬁ\égs Ugheafeht oMbng5, 847,386.
illustrates nunpber of these:

T%%c%%%wt%fo% 13 £X U LR %h%%é 1SD§e%1& eaém the

véhadga, t@ﬁbg%r%ﬁ§|§6@&tﬁﬁﬁe@fl@EeW@iéméﬁtsfgiaﬁgnd 54b, and
actln in the direction normal to the axes of the rod

t@ﬁ)$¢Qm¢¢ﬁﬂe%f5%F(¥%@SZ5@fnen5|on in Figure 2). An

optional DC field to draw the ions along the rod
2b|ecfi©bé @h@m©@tsc$@@t@@db§4bu©@mpb$iﬁ@aBe@Kinft@Pd

sag" onto WO 2004/ 083 05 .
e b0 0L 10T 25T TTGRCE cP ot At AR lnkE 4BoRE el

wd&lEB C1h bege f ©rd1i hecaxbal agdsehe i aixBa A fiﬂé\DH‘péDﬁn@nﬁ are
C.L. Joliffe, US Patent No. 6,111,250, and, B. A
EqHpROHE abel THE. 299PFisecd UK phf baldNe2g%, Bayidgethe ion

gJ? e St 6 enoth; Of % pfr@éthEﬂéPnhiéﬁl901§aQ§QeBQeBE Qﬁplled

e 5 vol t age, e and position” of [ enent s
tandh&4biebddel ¢thengeobdd rgndf S&E; rods 53; 2) field
el enents 54a and 54b can be shaped in two dinensions
3 notas halg riat sue happieychhad bhehohbedppientdiain Figure 2
well in the Z-direction_and the axial field alon

X
1%r%hQBef%?%eﬂoﬁu%l?%t??@e%sé%c?ﬁ?eﬂrtﬁ?t?@ePﬁrgﬁgdlcularly
tbn hgedipgctQSn QHéd§o§Q wihlsbéegﬂé%ﬁsoﬁ@tB?rtﬂéghon guide

oltages to be applied to the field elenents 54a and
564balong the Z axis as shown in Figure 3) and the DC
potential well to cause focusing is created using “field
sag” from field elements 54a and 54b (Figure 3). In this
approach the extraction field may be created by applying
incrementally different DC offsets on each adjacent rod

electrode 53;

4) for a fly-through arrangement, a gas-filled DC-only
collision cell could be used. DC voltages on entrance
electrode 56 and field electrodes 57 are chosen in such a
way that a retarding force directs ions towards the central
axis of the collision cell. Such forces are created by
fields with positive curvature in the direction orthogonal
along the axis and, according to Laplace equation for
electrostatic fields, negative curvature along the axis.
For example, such a field is created by the potential

distribution of the type:
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3) an alternative approach to the one depicted in

Figure 2 is where the rod electrodes 53 are oriented
w@eoopesasdTul arly 15 to the direction the ionsPeu/GB20we/001174

drawn out of the ion guide 50 (along the Z axis as

shown in Figure 3) and the2 potential well to cause

focusing is created using ield sag" fromfield

el enents 54a and 54b (Flgure 3). In this approach the

extraction field yjay be created by applglng 20

|ncrenentallx dlfferent DC _oflf 5e sydon eaqh adj acent

rod V& &et? oae< s o ) foyza Try- hyod@@z r'rangenent, a

gas-filled DC-onl collision cell could”be used. DC

oltag s on.entrance el ectrode 56 and

1 il e e T ede i O\ T iion of ion

ejreeétﬁrcqi NG-SoreaMsli TECtS i DS deWai s d1hs etid adjedXidn

of the collision cell. Such forces are created b

sHqtelids aadtyess 133 @ndiry dturdl 1ar ek afiress |td'neyslot 2Y
ary tﬂf gonal; . .al.ong fhe ?83’%%50@??06?131010 rding {0 lAplaces o 57

gquat i on for ‘el €ctros negative curvature
iralyonghd he dixdect Bthd-arorvenmpireligyich &sdé efiuse 4a). To

created by the potenti al i stribution t type:
MU/ 0ERBTE PEH CEVTA L %ﬁ?m Wigg Br gelri%eiﬁg {&z;ﬂr
shapd)of the SutpP& bk, t YWaartd 22 covherSidwiykidge along

p05|t|ve fons, X is the direction of ion ej ection
tHe oin tSNE B0, x z § 5wk e tfiram a@bﬂ@ fidie Eienornes ot

In e' %Zré)#j 5’ ?1”191 h:ﬂr}c’%dmlllrtek?tf [05% t&?l lPJI_LOmZtYhe

I nner 1 oNns I SIon ce

ccﬁlle_ﬁfélr&dﬁﬁeﬁﬂ 50 N YDt whigrecém@@y cof r@jsep@m@kﬂ ngbys and
(see Figure 4a). To match ribpon-shape entrance beam
aRFQDreF bl §EEH FeqNepts scrfapléDIbfmel?ﬁel Pl pRePdeRN oY ions

s{ oW ¥ & N 14 hendi racd | 081 Xy 11
C@%ﬁ%%%m%Y %or e entrance 10 el ectrodels;Lon e
5@w&bfex&m@ﬁi@peﬁtanFﬁgwmetﬁ@ exthe fpomenthibal distribution

in such cell could be approximated by a similar formula:

2 1 1 X2 22
o yid) =k =y m ) et )

wherein 2X is a characteristic dimension commensurate with
the height of the collision cell in x direction. It will be
understood that numerous other embodiments could be
presented, all following the same general idea. For
example, some electrodes (e.g., 57a on Figure 4b) could be
shaped, while others (e.g. 57b) could have a tunable voltage
applied to them while others (e.g. 57c¢c, 57d, etc.) could

have progressively changing sizes.

5) in the embodiments based on the use of RF fields, the
use of field elements 54 requires relatively high DC

voltages to be applied. This can be avoided by using split
composite rods such as those shown in Figure 5. Each rod 53

is divided into tapered sub rods 58 and 59 with slightly
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collision cell 50. Due to high energy of ejected ions
and absence of any requirenents on ion nobility
WG 2@ansdsidn, ions could be also injected orthegooakdioy/001174
into the collision cell 50 as exenplified on Figure
4b. The potenti al dlstrlbuE*pn 15 in such cell could
be approximated by a simlar fornmula: 1 1 x2 z2 U(X,
y, z) =k -y222+ 2+ 2 wherein 2Xis a
characteristic dinmension conmensurate with the hejght
digif e AT G BrPEd IPUh 3deRteal JF Yelw@yes pepplied to

nbodi q Coul e 20

presentggga h‘T%?o;lo ngégigﬁggﬁe genera éldgg g%%r

Mmtsmmmrrsodﬁs lee gka,CJE‘YJa:erJFI@uEEeCdﬂm)ral plane
oyl d be shape e. ot hers copl d. have

of Fhe B T e Bon i B (Tt 12 Ao b 168 Fnh o

R&AEwoST d: 1. &3 C.Dael] dy . haVE- Y D Ges Sk .V@! yL&dangi g Patent

sizes. 25 5) in the_enbodi nents based on the use of RF
NG| f o5L6 tHe8 e eridyge|an ererehtRC SIradeRint ekt an RF

e&ﬁ& Sl du%u gg}é e Sp%é@%ﬁloérgc&etﬁ@péé Preaha§rg@@mn of

ositero such as
tnéofs:eehm,omdm H guare e dgsicht ronl Gposs ah vapledoxithate

tapered sub rods 59 with slj
1 ity 198 36015 et/ t%z&fg]zﬁ%odﬁfiﬂotentz‘?gf o%%/?t%)eﬁ?e%@lgures 5a
a®l d poesy bltpd destd e@d s Riyvol t pges epphi-ed §}9 ahdesb) along

so that snmooth DC gradients are formed in the
thppropriat e hrecd die wpm reuide 70 tylgloetheatepriay the

I of the .io Thi 0 c
Rngélrr% ¢ aou%h%\r}Lg&%e F%c‘ﬁ/\%%d Svll_ﬁgfé [gll sd\%ng %ones
e.‘%&x&;&s lee im IS Parentwi ND. c@s’ﬁé&éﬁ@ti@ebyoﬁi@elﬁﬂcant

. axial DC gradient in an RF quadrupole ion guid
" QR di Py TR Xt BRIST HekPRs rdetivn OF p%%ﬂ*ﬂ%]r dne%d%he

- BTRT AT 0 S s RS eyl o
e lanck Baje osgecatﬂ@moﬁ&nw%llwwel |bg sext e gusmsl bb(basls 6blran 10
Vgﬂé”Ek is expected). Thus, this lack of smoothness in the
DC potential gradient should not be a problem, particularly
since the gradient of effective potential associated with
the RF voltage applied to the rod electrodes 53 is likely to
be relatively much greater in the vicinity of the rod
electrodes 53. While shown in the drawings as individual rod
assemblies 53, the set of composite rods 53 can be
manufactured as a single ceramic circuit board with
appropriate cut-outs and through-plating for avoiding HV

breakdown or charging of dielectric thus simplifying the

manufacture of the ion guide 50; and

6) ions can also be extracted from the RF collision
cell/planar ion guide 50 transversely to the direction of
their ejection from LTMS 30 and entrance into the collision
cell 50, as illustrated in Figure 7. In this case, the DC

potential well in the collision cell oriented such that iomns



the central plane of the ion guide 50 without altering
the RF field throughout the device. Wile dividing

wo baw4/0gdsext r odes 53 in this way will cause rel BET/GBRO4/001174
significant "steps" or sharp transitions in the DC
potential near the 15 el ectypodes 53, the absolute
vol tage difference between E%e el ectrode sections 58,
59 will be rather small (less than 10 Volt DCis
expected). Thus, this |ack of snpbothness in the

DC
arﬁot@ﬁ%tﬂaﬁ?%lléhtt%%l%“WSWa% ryPkey of strategies
cdhandd ?fga‘?‘{ b M t%gf%@@r@fcaﬂt BCtiYehe collision

pot en assocliated wth 20 the RF voltage applied to
celhle 3d el ectrodes 53 is likely to be relatively much

greater in the vicinity of the rod electrodes 53.

Wi |8 shawe ipotdres ttlawelgls @ ibeinddiiato rleel asymmetric

assenblies 53, the set of_co 05|te rods. 53 can be

manufad ureP R LH T Adie T at Gt dbat G t s that

approprd il e CA U Sr@d R SUT Pl S d e 1oe AV OFEE Nt ion
HV breakdown or charging of dielectric thus

Sl npini fXridigradiel omarrgandiees off tdwl}ohi gus des Shpnangs the
), 1 SEal e A al o gde Aol sonuyce or

anar 1on “gui verse y
of t&Olsi hed It gjeecd i Ofefemre LG Gk artthsnd reficehe nton) .
the collision cell 50, as illustrated in Figure 7.

i SRR (R D] G TS 19RE HOERT A o TOF

cel | 009 dﬁ‘{gle%@uqhz(}‘@lt i ons WD 2004/ 083805
PCT/ GB20004/001174 are constrained in the X

di sion, I Of o84 §g :$f to

“qﬂ t h

i nsur'e that |on are 6%ug Int %F§§$ sion IT %O

a) tck;@qm‘ttemtemi d@lﬂhe:arbrbegum 3@ ftneorasylmerede rtige 5ions

(i.e. ions enter_the fiel otentj al $

{ hatSniT e f%ﬁ%le%ito%%edl %’ﬂl%fhs?wyg?h% r IE it is

reflgeddyy 4 matdiFEStdon R dtess e CPALE SiOAS as

long as the initial ion kinetic energy is |less than

t he ereticrdes, it will correspond to an iso-potential of
the RF field and thus maintain the integrity of the RF
field to the end of the ion guide 50. If this ion
guide 50 is also biased at an appropriate DC voltage,

it will reflect ions back toward where the ions entered

the ion guide 50.

In any orientation or embodiment of the planar
collision cell, collisional damping will cause ions to relax
toward the central plane of the device and drift to the exit
of the device according to the steering DC potentials. Gas
pressure in the planar collision cell is to be chosen in a
way similar to that in collision cells of triple guadrupoles
and Q-TOFs, typically with a product of pressure and

distance of travel in excess of 0.1..1 torr.mm.

It should be noted that the effective potential wells
(m/z dependent) established by either the RF or DC field in
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this voltage difference and the charge of the ion). 10
The DC field along Z extracts ions towards the TOF

waeakpgmns 70; and/or b) a flat plate el ectrodePCEHOBR®4/001174
pl aced at the opposite end of the ion guide 50 from

where the ions enter the lision cell planar ion
guide 50. If it is 15 |ocated a half-rod gap wdth
fromthe last rod electrodes, it will correspond to

an jso-potential of the RF field and thus naintai

Ehhet PhtBEFIe P Ofvihe B8 T3tRED HAE RO ¢ hEh‘ﬂ%nthe ion
bt dgi PO-hdfe thi §aix°ﬂ/ %l%—e 539 dfe @ S0P @580 Rl ¢ a@f gt the

appropriate DC voltagde, it will reflect ions
CQIW%HIbNWERIﬂi@ﬁﬁmiﬁﬁgwﬂd%r@@ I¢katxweg@®d@h50.WMnch would

o ng Prlentq%¢on or & d ment @f th e P anar acolli§'gg as
el | ETUB1F i Y SRET TR AR 1 ST oY o2 eP AR g
prayRifed he Lenddadl t Phede mﬁ xﬁlhptq&ﬂ@e ang. ddilhéélrtlpole ion

the exit 25 of the device according to the steering
9%%@@%%011@% obrdazFeli Pt pfeharC c%}lls%koweﬁpr

%f’*?ﬁfgfm 5bﬁéh of%rgi aéé&é@ain'@ocgﬁ%'§b?n
s ‘of triple quadrupoles TOFs, typical

amml&zerpﬂ@xﬂms sﬁowmesmLﬁfgwmd 8UlSt%m©@ atf exaaESibn of

exces of . 0. oul be. noted tha
O R T 55k L] S e 19957 P lepRhabiig) ScoumaL at don

b@@éﬁb O[b@i‘@é’d byx©tdbefoh heo RFhOrpiX¥hdietd bn VR ToF

2004/ 083805 PCT/ GB2004/ 001174 29 the ion guide 50

anilyzeje Tat hek $imilayotIespentanien ive Yoh cheakrefies 53 to

t(xé%iék%égce I%pla r:§€$ g{%%tiéég%fﬁ%tD?ffiﬁfd ¥ |cﬁe
pWatd € pext 1odf rem taheRFc@hBﬁs;imol @ bpes @t eah sbai haedytat draw

simlar gas, ressures addi tjonal RF nul ol e _
OY £ XAP q%%r%@%? &)1 o u?d@ulp%ﬂrw B SstroRhet Fhe device.

ArOLlh$i PR bff"l@@ h]de abd oMo h 04 b@qﬁiﬁé raghi@lvely short,

focu5|ng ore extraction in to the
with ratio of length to inscribed dlameter not exceeding 8.

By applying voltages to end caps of ion guide 55, it will
ensure fast ion transit due to the axial field created by
voltage sag from these end caps. It also may be also
desirable to enclose the multipole (quadrupole) portion of
the collision cell/ion guide 50 in a separate compartment
5la, perhaps with its own gas line 52a. This would allow
independent control of the pressure in this portion of the
collision cell 50 for fast ion extraction to the TOF

analyzer 70 and, optionally, optimal trapping.

The collision energy of the precursor ions in the
collision cell/ion guide 50 is determined by the kinetic
energy of the ions when they exit LTMS 30 and the voltage
Vaee between LTMS 30 and collision cell/ion guide 50.
Depending on the operating parameters for the LTMS 30,
precursor ion energies of hundreds of eV's per charge can

easily be obtained even for zero V... However, for better
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anal yzer 70 (as shown in Figure 8). Such an extension
of the collision cell 50 can be used also for ion
wa@emdogdses i on 10 before pul sed extraction to tPer/poB3iven01174

75 of the TOF analyzer 70. A sim|ar segnentation of

rod el ectrodes 53 to thqs%&r_oposed to superpose the
steering DC field in the planar portion of the

collision cell 50 can be used to draw or trap the

ions within the nultipole section of the device.

15
A RS R PTIBH R S ddul TP et G ety Life
(e W ALy %ccasoitoifvé entd) tiahd nserdhed, o @t fecsf NQfMs 30

exceedi ng 8. y appl ying voltages to end caps of ion
afnamel bty dne widpturad Wres fdstit on In sswie efdeod memes, the

ial field created by vol1age sag f d
BT uds T <Oy Rt S aas Fa T JREl Hee e of

vodd | pad (oupdrapl ef rpar thenl oheathergpl Bbsi @Ae kinetic
cell/ion guide 50 in a separate conpartnent  5la
eNpRAPE M tH3AIE RMin YLRCHGhel PR, LT REORRL tPRa 1 ovp ™/2,

|dspendent ty ol |, this: norty
B e R e R S
ofTGh& 5. M8l 3 ero dpranchl opte arral 151ioptemetgy rappiimg. m/z of

The col lision energy of the precursor ions in the
tft%mes‘?%?%ﬁ?%r%%ﬁ%?émﬁﬁi i s AT by the

kinetic _energy of the ions when they exit LTMS 30 aqg

t he AR 3B AERV Dt SRIGH T VB RO Hh P RHFFRY ot guide as

el dd1 00 G dee H0. 5 30 Dapendi4ioh Ot her opek afd%quide to

paraneters for the LTMS 30, precursor ion energies of
aduamlr edmofim\its perichorge dafferasti | gides obtEHihedallows
even for zero Vacc wever, for better WO 2004/ 083805
RO 0T 50 O At dftarte SEHTEC ST | ons,
MdHte By bei praf efmbhe digad id t2 - negedived Ve fDIngos81 1dvecrap
ions) the offset voltage of LTM5 30 after ions are
hamm R G915 T | $toTads graPasibodi it 2 1 tfe quadrupole ion

o usanic 515 VaITE Har T o teect T am The T esseive
efeapi 30,0ff heoks nBdy cdetection, but the slot length is
limited by the physical nature of conventional detectors.
The planar ion guides 50 described herein may be utilized to
facilitate the employment of a longer 2-D gquadrupole linear
ion trap 30, having a longer than conventional slot, by
allowing the ions that are radially ejected along the entire
length of the slot to be focussed onto a conventional
detector. A longer 2-D quadrupole linear ion trap 30

ultimately provides for still greater ion storage capacity.

In some implementations, a second reference ion source
can be used to provide a stable source of ions of known m/z
to the planar ion guide. If these reference ions are
introduced to the collision cell 50 at sufficiently low
kinetic energies, they will not fragment. These reference

ions would mix with the beam of ions and their fragmentation
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energy/unit charge of ejected ions is proportional to
mz, and thus Vacc may be programmed to change duri ng

w0 be4nssoscan of the LTMS 30 to control the ced1/GBR@A/001174
energy as the mlz of the precursor ions is scanned
(or stepped). 10 An advant%qﬁqus feature of using a
pl anar ion guide as the collision cell 50 is the
capacity of the ion guide to accept ions input to it
fromdifferent sides. This allows the collision cel

PEFiuR D A0t Het2 WA Yedhergiar Mol and yeukddgwrpvide
arg%iz aing&r%iadd’ﬂpi%far{ﬂ nfc?r.r dth tafrﬁp e L?ham]%ofpectrum-

reater ion storage capacity than a 3-D q e ion
Irt rdpls Tey sSpce rchdmeoa orhisR idly ovis tlesliellMS 30 does not
mass-sel ective ,ejection of ions for detection ut
ndmih b &e 1 T | et e s | SbTes grore

a& QAN ipnal o Het B tSs 1T hehPlprsud b ureieSsSéetra as
descri bed herein may be utilized to 20 facilitate the
thens ouremlwiya Toh@eaks Diridicst e e ™ Hnit regeh

30 in r t t, by,
SEd to]'tvﬁ'g %}%418%879 t%%%r%?aﬁ%@}eﬁéﬁ)el rgl %%%r?%els
canilig® td entgd heafl tduors| gl ¥ fAplndwciusseghiiodd 6@ This
conventional . detector., Alonger 2-D quadrupo]e |inear

SQWIFS rap G 2F (A TR NP F VRS rore ST YRRt er

1d 0 S RUECARACHL Y - corl i SRR 1 FRY AR atd fflSende sample.
second reference ion source can be used to provide a

Otsteab| sirgole ceowf sd ohen gfowrerm Wi tolathievelandrabhba

ide. 1f.th f ' i :
o b P L G LS R el e

clenergh 8s, fddeyrav hds nosp I 1@grEni ty Thegend ef le¢ eneet rument
ions would mx wth the beamof ions and their

deyeighead at? o YD SO UBBEDS PO CB2Db47 0oRdFRds a5 usetful
f% %&v%ﬁé r@]’;}ﬁé‘%/@ d8s tdenddinedt o+ 20, 30r afgr VRN dFT 1CR

z internal Talibrant for ‘each and every
iddEspects umThe alhi 5iwayt s pacehehangegeapacsvytolfl bheween

ic?Lrg e_asrg)[sﬁid e%plgrglfﬂeté{ﬁﬁge{gn bseoélbcaerse é/\{‘:\}/eherrle{v%egggges of

mass analysis is also a highly desirable and novel feature

in some applications.

Description of the transport characteristics of a RF-
only version of the planar ion guide 50 could be based on
the general theory of inhomogeneous RF file devices outlined
in D. Gerlich, State-Selected and State-to-State Ion-
Molecule Reaction Dynamics, Part 1: Experiment, Ed. C. Ng,
M. Baer, Adv. Chem. Phys Series, Vol. 82, John Wiley,
Chichester, 1992, pp 1-176. For one particular device
modelled, the effective potential well depth is in excess of
5 Volts from m/z 200 to m/z 1000. The "corrugation"
(sinusoidal ripple) of the'effective potential in the
dimension perpendicular to the axes of the rod electrodes 53
increases from ca. 0.065 Volts at m/z 1000 to ca. 0.35 Volts

at m/z 200. This means that the superimposed DC field
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5 accurate m z assignments in the production TOF

spectra as there are always niz peaks of precisely
whe@wosishz i n each spectrum Figure 7 shows sSBPCTIGB2004/001174

reference ion source 15 coupled to the collision

cel |l /planar ion guide 50. js source 15 can be a

relatively sinple electronipact 10 ionization source

fed continuously with a reference sanple. Oher

sinple ionisation sources wth relatively stable

(Galshtsagsll dudtsPdSHPpriomt dite B¢ Eild PFadient in the
sEPNPSI A od NAL 311 snd CALAL iAo ApRIELab/d | tundRyoad; s

I'nstrunent described in this disclosure. |nternal
tist arwlarals- @r-ecarssfw| diS drore i prosempdiecenz rods) or else

e e

pgggﬂgﬁjj(MBdB&Jggﬂﬁbﬁ(ﬂWémm@CeS bet ween two stages of
mass analysis is also a highly desirable and novel

featiyf & pd %%wlémxh% FRO,R85C5 i {1 9N OhetRE
transport characteristics of a - only version of the

quﬂlms iaore gccm@telam toutle bEOCba%,Je%Iciblfpd¢$1e5§;e¢11@¢I@l have

eneous RF f [ out Line in
a3 R . TR el S e e P
ndbi®el € RaactrROcHyad ICSprdRa{dle ].t:heEXEkJEWdﬂ’Etﬂ&ge Bdlo&king
Ng, 25 M Baer, Adv. Chem Phys Series, Vol. 82, John
fqN |t DEHTeHeAd R rSuRRYES pcbrllvﬁ% therepde Phrtheul ar

r S8V €8 Mode] L ed, o the efh eCthYEe P@éz;%ﬁééicé{\@éa +8ach and

IS 1n excess 0 5 Volts fromm m z 100 The
orie onoratonpl'et ¢y niserdEbing ptpih@)RE)fvcbhiea@é fecurve is

otentlal in the 30 digensi per pendi c r to the
DiAC5helh G eRt rodes 8- | FET RS el Thof e standara
Rﬁ)égﬁéféﬂiéhfﬁnd”@bﬂéEEUtéhﬁ@hl@r§5u§@$t§ora@uﬂﬁiuﬁ@@es/lon
This nmeans that the superinposed DC field WO

t DR/ U8B 80! ROy B2/ Poidea. A moltifiblar sReyupast

drer eg'%r%%g?ésf%n ?ﬁ%%ir%egr%ﬁgég%%hs%lge v g‘?ge%ti%‘eans to

generate high RF voltages as well as providing the DC

blocking function of RF chokes used in Figures 2 to 3.

Figure 10 exemplifies the use of a bi-filar transformer
coil and resistive divider strips for getting the
appropriate superpositions of RF and DC voltage to the rod
electrodes of the planer ion guides shown in Figures 2 to 3.
The RF bypass capacitors (labelled C) are probably needed if
the overall resistance of the resistive strip is above 100-
1000 ohms. If needed, the bypass capacitances should be oﬁ
the order of 0.01 nF. The whole RC strip can be put in
vacuum and be made intrinsic to the planar ion guide
assembly (e.g. a ceramic circuit board connecting to the rod
electrodes 53, or a ceramic circuit board containing
composite rods on one side and the RC strip on the other).

A RF amplifier (ca. 15W) and multi-filar transformer similar
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the center-to-center distance between adjacent rods)

or else ions will get "trapped" in the |ocal mnim
wo@boonlgssed f ecti ve 5 potential "corrugation" wetT/6€B200m/001174

the circuitry shown in Figures 2 to 3, the RF

vol tages are coupled to th :fqg el ectrodes 53 that

have different DC vol tages provi ded by

resi stive-divider networks. The RF chokes L provide

the RF voltage_ bl ocking 10 for the DC voltage, supplies
LQIriRg IRPehe it HEe fheielipets i n dsdrewhat the

r ISt i f§ggc¥g¥1§¥55 ONgy I a.

b e§%}| B%éﬁ%ﬁgﬂggg%o t age sourcéuis ??$3§§$g?%§é$%¥ ko <
SH -gUrEs Wltes kX @& g & MEhows $iheh sphamar dioRFguides. In

eneratiqn and cantrol circuitry used for . .
ST updt % r b 19SS 01 17 Ore [ OH AT gben Juides
wdMld indvd af r&fJudniiregs T renk trddpdsf S5mes. otd 3 MHz and

provi des both an efficient neans to generate high RF

angpl tagtes dae it en ax0 Hrafd diORP (YRLBT  bflokki sgheme should
. i fg-t! .
o4 G M Lo e LR 5 ol ol ougg

tloophglentt rigsi straegali of desl sdgepsadidr i geguengiehe
appropriate superpositions of RF and DC voltage to the
rod Feeed rodeshebs thevetanet éONlgeli clescshom phoviding
Figures 2 to 3. The RF bypass capacitors (labelled C

EQif e GHEbTC el $ 19 IFRADIRY AP 1RRsTRE aRCEPOF L ERerOdS

o% ﬁ%i%{/fé’%é.t righi{s AbeYeyd90,25 1000 ohns. offf{‘f§?§d®n the

pass capacitances should be on  the order o
t 0a 104E ouifne T heo hodied RGY sextpa cR® vel page | dividenustabd on

be made iptrinsic.to the planar ion guide assenbly
e?‘gr?g‘?ncg %gr%\l?ﬁ cc%#tuit board connecting to the rod
el ectrodes 53, or a ceramc cjrcuit board containinﬂ8

30 COMBYST tE2 rI BNt RneC TR GhY HRRE Re2Rt PF puBnct

gidelde RGPS iEE é%%?ié@Vgoa@HenP&&f'fii@fs of the
transfornmer simlar WO 4/ 083805 PCT/ (3B2004/ 001174

tralgfoxmer heobheto uGemeTatelrive ¢orrbiagd | poresing and
e%%%é%%&églﬁgefield gradients. This particular arrangement
would allow independent control of the intensity of the
focusing and extraction DC field gradients and the overall

bias (voltage offset/exit DC potential) of the device.

In embodiments calling for successive “all mass” MS/MS
experiments on a time scale suitable for chromatography, the
maximum allowable interval between successive all mass MS/MS
experiments should be on the order of about 1-2 seconds.
This leads to a maximum precursor m/z scan rate on the order
of 0.5-2 Th/msec, depending on how wide a precursor mass
range needs to be scanned and how much time is allowed for
ion accumulation in the LTMS 30 (this assumes the device is
operated in the continuous precursor scanning mode, though
the considerations are essentially the same for the stepped

mode). A typical time frame for a single TOF
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LCQ shoul d be sufficient for producing RF vol tages up
to ca. 500-1000 Volts at ca. 2.5 MHz on such pl anar
WO e0v4g8asoes. I n general, the RF voltages appl P€HGBR004/001174
such planar ion guides 5 would have frequencies in the
range from0.5 to 3 MHz and, anplitudes between 300
and 3000 Volts. This scheng 'should be very useful for
RF and DC generation superposition throughout this
range of voltages and frequencies. Figure 11 shows a
eXpETSimem tofa aowe Sgi i sy 13%00'\%0& My CHF S dthe  This
L rPEIAC AN o 0 AR QR iR NG UG LORPORIY & Ane A a

Igure I's involves an extra palir of filars on

pridtir dorangfopek ed lcaand e 1640 aniRCossdayss diad deruld be

strip on each end of_the coil.. Figure .12 shows the
meFFEGG AF (s TEt B fEd qo&%lfghecreétjje/%f’& tga‘bleége ) -
TR 3Rl ES 0 dhe e Widar sief die) tranafoidraro an |

to generate the conbined focusing and extraction DC
deftieadmi nrdadiverite  CRFve Jpkritare W fart e MARFEHEIRT WoUIREAK

al l.ow.i ndependent .c r ol [ nt It f
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t ioeerdaldt b lias (e taage afftset fddudopatehtimddmeait ions
the device. In _enmbodi nents calli ng_(iegj czt ccessive "all .
tardPn ey NSO i 101 | A ¥YbI L For>0 (1t

sHABOHARY e Hdre i dret{dmiaal el @ ddhieF a6 scanning

etween successive all mass M5/ M5 experinents shoul d
mdake ,oni tt hies dridexrl yoft hetfouthelre? widlclondsed 28 T ssdreRads t o

a maxi.mum precursor nfz scan, rate .qn the order

CH BT nlsrbgt Pty on” o 3 e 3 Bredir scoorIo]%reacsts tor

tHanga Masds tox bel spanned prebhesms iichd | e s edd naeed
for ion accunmulation in the LTMS 30 (} his assunes the

prfsiiate jans dfwrauad Ghe 197 Hontqmustist /prdt wegie) -

scanni ng node, though 30 the considerations are ‘
essditisldneates swome fdgsidre Shespped 1itbds .theegpivegs may

bﬁtsiégj in gﬁ%g /%ef%lsﬁgn Le vTaq:icmVQ 2(90%4 i0c§e31:8a055ions such as:

1. LTMS 30 precursor scan rate (Th/sec) and precursor m/z

resolution (peak width in Th)

a. for higher resolving power of LTMS 30 and higher
space charge capacities it is preferable to operate at

a higher Qeject (€.9., at Jeject =0.83);

b. for optimum precursor ion m/z resolution near

minimum resonance ejection voltage amplitudes are used;

c. if one is willing to sacrifice resolution of
precursor ion selection, higher space charge capacities
can be attained if higher resonance ejection voltages

are used;

d. higher scan rates (and higher resonance ejection
voltages) allow greater ion storage capacity but lower

m/z resolution;
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experinment/acquisition is 100-200 m croseconds. This
i nposes the lower Iimt on the required width in tine

w@booa/083sncur sor m z peak of ca. 300-1500 m crPGEGBR@I/001174

2.

(as would be neasured at the exit of the collision
cell/ion guide 50). 5 This ecursor mz peak width
(intime) is going to be &eterm’ ned by the

convol ution of the precursor niz peak wdth (in tine)

of ions ejected fromthe LTVMS 30 and the tine

di st¥i butidrr IBicaddsi ST P r¥ord BRP rfyerate. all

i Onsplgégm%lff&sinﬁ)a%%é Ner Pl aafed OO d84LA] St Olhto a

cel | 1 be noted that in the continuous
preaatsarf stiommiate pmmsirddr iw 3 itaiges et wirtewsi | |

need to be sonme correction in the precursor z .

cal iBrTAHP 1S c‘c%?l?eesclforféo]rng {42 %%Oa“ﬁt t'i V?)detfr% iYht? gfingle
Pr eClESQIp 1 ONS] 12tk RSSO Gh A q;ﬂaa}m shucd dahscd hrpsgdursor
the collision cell/ion guide). 15 This creates sone
desiagrm ¥ tesi 91 | I8 B S hesE1RT B FHECH L adfeReRAICE
dependi. . . ti _

30" Bl & il ST BIAAGND R M 7 Phat one
r esadalfd aied pesdkcwtstith mfz gnge dioretigherhersotei ng

power of LTNS 30, and (girgﬁil}gr 2Q space charac%g.
capdG I LY | ¢t L rkite o et ST STH HY JhEFD

gej estc{t®ing Hons Al-KE RN ThdD ratyed OF ORI NBER of
precursor ion niz resolution near nininmumresonance

ej ectasmey otk kemplétanesned wsedrekimjfapnefast scan
wlling to sacrlfd res i e i

sel CHLTHTE M GrEl® st ohdh o b SHiEREy fhoer of
at t aiged, ididi Ohertd eso T Bl Sein ket imges. akkong with
used; d. higher scan rates, (and hi gher resonance |, _

e e MIRDINAJRY HIT NP Yreat D U RRAYES Saphe ¢ yit

but - i on: - :
PCT/A %ﬁlﬂo'%i%ﬁe&%sﬂﬂ%lé@p@@%%@péns (scan rate,

voltages, etc.) for each precursor ion ("automatic
precursor control"). Such preliminary information
could be used also for optimising injection waveforms

during ion storage in LTMS 30.

f. using lower deject reduces m/z resolution and ion
storage capacity in the linear trap 30 but will reduce
the KE (kinetic energy) and KE spread of ions when they
are ejected from the linear trap 30. This will effect
choice of the gas pressure in the collision cell/ion

gquide 50 and its dimensions;

g. increasing the RF frequency will increase the
available resolution and charge capacity of the ion

guide 50 but the RF voltage increases as f?; or

Linear Trap Collision Cell Pressure-Length (PxD)

Product:



e. to reduce the scan tinme for given scan rate, all
precursor mass range of interest could be split into a

W@ 2404/083808 scret e precursor niz ranges or W ndoRST/GB2004/001174
preferably corresponding to about the width of a
single 5 isotopic cluster 2{6 m z peaks of a typical
precursor analyte ion species. Then frequency of
resonance excitation or the RF trapping voltage junps
so that one sel ected 1Slrecursor m z range after

another argheesofaMiiil of e clir3@menti ihger energy
nec?lseag%élofvl%hélo exciting ions in-between these
es.

ran I's set of masses could be determined by a

prel.im nary .fast n.,eithersin, LT of . T r
nmuc Snaﬂ?%?hen%r%ﬁqﬁlfi%%sé?l%ilrﬁ%l%fo‘%}'%ralno%%ggszw and a
pr eseade £ XPed i 1t 1 A o) Wbt he rated £t Nt hhang. t he

intensity for each precursor ion, it 15 all ows

| pr oy egh Pt d i IRt hdik Of €ONPhdi DNSaf SCAPf 1@t &nt ion
vol tages, etc.) for each precursor ion ("autonmatic
frrareensori@ontt oty  cabkhs el ¢od har50 i Froreahieehive target
0 e I or | S i nj ect vef or
SR B fafagn i SRS B R e LB BL 2 FBrrcam,
wigefeck TedyrespidgsuesolDitionl angth onf sheragelision cell
capacity in the linear.trap 30 but. will reduce .1the. KE
> ki netf c’“@ﬁe}i’%ﬁe%}ﬁaﬂklfzes el?a\‘_i‘nlv%ftl?‘fon@%e‘ﬁl?ﬁ’é%u‘é?%n for
aSi St Sd roratiesdi neRd frapnal: Thhs ¥l irghfeet though the
choice of the gas pressure in the collision cell/ion
c@Bl igi e GOl bl dnar ol @i bdhs; 5¢. nohcrersi hganhe0RF2000
freguency.will_increase vaj | abl S [
et (5 5 TracTbatbufiah B Bul TR 21808 can
b ChdlapevédCI Lasess abedR; tiodin 230.L5 Mean Whaph Gebhl&i paguire P
Cell Pressure-Length (PxD) 30 Product: WD 2004/083805
tpdre gepuenoaha 2Q.-3¢g mTorr (see for example C. Hoaglund-

Hyzer, J. Li and D.E. Clemmer; Anal.Chem. 72 (2000) 2737-
2740) . A higher PxD product may be required to facilitate
better cooling and capture of precursor ions and their
associated fragmentation product ions. With such pressures
in the collision cell/ion guide 50 it would necessitate an
additional differential pumping stage between the collision
cell 50 and the TOF analyzer 70. This can be achieved, for
example, by evacuating lenses 60 by the same pump as LTMS
30, and having an additional pump to evacuate just the
entrance to the collision cell 50 (between the envelope 51
and, for example, electrodes 53 or 56). The lenses 60
provide very precise transformation of the ion beam exiting
the collision cell/ion guide 50 into a parallel beam with
orthogonal energy spread of a few milliVolts. This lens
region should be preferably maintained at pressure in or
below 10-5 mbar range to avoid scattering, fragmentation and

to minimize gas flow into the TOF analyzer chamber 80.
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a. higher PxD will stop/fragnment hi gher energy
precursor ions; b. higher PxDwll result in slower

WO ov408R0si t and a w der distribution of ion PCEGBRM04/001174
times. 5 In sone enbodinents, to facilitate efficient
ion fragnmentation in the o/.II|S| on cell, 50 the
effective target thickness of gas, PxD, should be
greater than 0.1...1 Torrxmm where P is gas

pressure, Dis Iength of the collision cell It
may Tse ig@siqvab|Senss Hae Y 1RE tihfe “%ﬂFstarr}aolm% -’f‘brarﬂ) thus

qut%ﬂg%é)h fﬁ%égfb/ﬁflgﬁaq{tfydlj{t{@%srﬁl%arp dd@ndidy cycle

l'I"sion / pl anar 1 on guide 50 not
newl &d en iR fvxrosegordhy Sugh of dilst ridutowing
in exit time delays can be achieved if Dis |less than
WaF:. .50 nmwhich would require P to be greater than

20. 30 niforr (see for exa Ie C. , und, 15
J. 1) anFm ey SRigcs g&f( gﬁoiflef%prthogonal
2740 A Y gher d:’diﬁd)rk%dt&‘ésdﬁ)bé?f‘ dLGH 122d A 0 Makarov,

facilitate better cooling and capture of precursor

i on¥d tUeir. associ ated fragmentati on product ions.
Wth such pressures in the collision cell/ion guide

50 id) wouHmek sredessigentnelan Zﬂeartddddearﬂaéniéémeim used

purrpln sta bet ween the collisio el | the
P & 6Ly Gy Cht 456 SRS b damRerov. D,

by Qz\/a%ddl% | enses $HO Mysd I‘@oé@&%ﬁunlbrﬁsmk&l\/ﬁ 80,127

and havi ng an addi ti onal punp to evacuate just the

ent r &3 it ®r4fe ol lision cell 50 (between the

envel ope 51 25 and, for exanple, electrodes 53 or 56).
The d)ense&sing) ofprivhvighe \ergl yrasci seouldarisd onoee i ohoefly

the .iaon be Xi tin the col lision eII/|o ui de.

i nt o' H FHrH efcglw t&é%% tH° 1%Olﬁlhogona er u;lssglprg ﬁélg?

a few addiyvaddsn thd Sgelaenf,lllr@glmhsgwwéi $e or 55 into
preferably maintained at J(gs:essure in or 30 below 10-5

nbartlr%rfglelqm a%?ed: SEHIH AT e ¥eagiient Y P emePed 1n A

m ni T n ery 80
200 oé%é‘%? 27‘5{0%%&‘7%@ R VISR ELADE M B e,

WOO2/O78046.

The embodiments described above can be improved for
situations where the space charge capacity of LTMS 30 may
otherwise become a crucial limitation. It is proposed to
overcome this potential problem by using an additional ion
storage device prior to the linear trap 30. This device is
preferably a further linear trap. A particularly preferred

arrangement is shown in Figure 13.

Here, the linear trap 30 is effectively split into two
sections: a first, -storage section 130, followed by a
second, analytical section 230. These sections 130 and 230
are separated by an electrode 150 upon which a potential can
be set to create a potential barrier to divide the linear
trap 30 into the two sections 130, 230. This potential

barrier need only provide a certain potential energy step to
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- 37 To inprove sensitivity of the TOF anal yzer 50

and thus quality of MS/MS spectra, its transm ssion
w@oeah4/a838ys cycl e need to be inproved, for exanptEBGB004/001174

any of the followng ways: 5 a) Gidless optics and

especially gridless ort hqg%réal_ accel erator could be

described as in A A Mkarov, WO01/11660. b)

Fresnel -type nulti-electrode | enses could be used to

i nprove duty cycle as described in A A  Mkarov, D.
SeRANRERAArEONIAE SIS ﬁfé%tW%anef ok gpentgd using

Lok '@Qﬁf& fagiet @ MRS FrigN e ShalyzeL-couh di 3o
elbe nlblre c o/scgllpy C~?Brgetelgratled with the collision %ell by
cqpilwiaw immsning riemd y(greamrdiel yassdnt imdously guana, at

50 or 55 into 15 the flight tube simlar.to ion
SR ST ller I BRG 150 A TR Y Nk GV T TR diRS 5Rnse
Ang-z Schwas ¢, TIM 28 dsia r c D A K 8Qében dve] esdegi eent s

e

scri bed above can be inproved for situations where

sepRr e drargeiaciest Wt LIV Boomeihe nat Hetdise

heco L] T . ] Do A .
S overéc.:FFg)rrzgs(%:hjiigslL Séo%kgeénét%%%ﬂpﬁgﬁ)l%ﬁr%%yoﬁsb?%géigo%%?t iaélr?a ysLs
ovexn tlsiOrrgegeleVByceeyritoing addime vitlenn disqprSe mhss

device i r ef er abl furth [ t . A
TSRS AT | 5 o'er e E T ArgeneTRE 1 5 SHORh FHI%F gl o
208 - TRX S 00 the | inesd d1ew30ids &f fErt i wed YsSddtcharge

into two sections: a first,.storage section 130,
cdpi¢oviedebytze aerondicahaigettan $2etabreadn. stpesim/ z

sections_ 130; a 3 . separ n t -
BB P e £ BT oo LSt 5P OPecorving
pdetenst athdarTv®er3do divide the linear 30 trap 30 into

the two sections 130, 230. This potential barrier
needrignhyh PEIRY i HlEz ar&@id adtoRed ent i tihe egesBYgSt €ct Don 130

is too wide for any useful information about ions due to
space charge effects, the space charge admitted into the
high-resolution linear trap analyzer in the analytical
section 230 is reduced relative to the entire m/z range.
Also, the two sections 130, 230 are synchronized in such a
manner that for MS-only scan, the linear trap 30 always
scans within the admitted mass range Am/z, so there is no

compromise for time of analysis.

In operation, a continuous stream of ions enters
storage section 130 and reflects from the potential barrier
separating the sections 130 and 230. The potential barrier
is formed by a combination of DC and, optionally, RF fields.
Ions in the storage section 130 lose kinetic energy in
collisions with gas along the length of the storage section
130 and continuously store near the minimum of potential
well. At the same time, an AC field is added to the

potential barrier so that resonant axial oscillations of
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WO 2004/ 083805 PCT/ GB2004/ 001174 - 38 separate the
storage sections and may be i npl enented using
w@bmaengises and/ or magnetic fields. The storage BEDGBRIV4/001174
130 captures inconming ions (preferably, continuously)
and, at the sane tine, excifes ions within
internmedi ate mass range 5 Lmz (10-200 Th) to
overcome the potential barrier separating the storage
~section 130 fromthe anal)/ti cal section 230 for _
ianpsEdiem AR AFHrRIVEING TANIBH a3 SXoitedd ¢ nfiis
C{L%ng%%%/c st ep&% 'h%odulgﬁé#éél[egn't i%%ﬁﬁlﬁ? (cie. g. 10lC pe
p&0hthml ol 2000l iiorn hlorad |dws arsies off sgtiotdwe spacteion

h ity of th | yti tion 230 at h
1 P w R e (G et R By of
rrepeed 11, rasiod Vimee rieit Ofmiherdidd 80/ z Twughch heigher

mz range stored in the storage section 130 15 is too
thinlel {8, ameigerly infitmed omabafial dgiseueands- Also,

p ..char t 1 tt | 0Ot
aq RBRA I F SOlRFlebq I ePRf CINSALES Litha O
fesmplatid o ssedidored3xdtsi sreduc el sl ddpemsddmt tdre the

entire.n z range. sections 130, 230 are

At rbng R 3 %Lf%‘ﬁl ng%lt E@n’%’ﬂe\lg)st hat for Ms-only

scan, the linear_trap 30 alwa scans within the

adm'%_%lr r’%‘éelfaa]ngr_eerﬁﬂ%r, %W%llf‘sﬁé?‘% 9% Wl%wrbn?%%les'
tk{@rma‘dmd‘%jfﬂi; Ha] Y54 So1d 1D OPEEAT] 90N e SO W/éé’srange Am/ z

Sstrea ons enters storage section 130 an

arefdacttsed rtom ¢ineh pot emttiait badrat ethephasepavbe i hyg ohercome
sections 130 and 230.,Th otentjal barrjer_is forned

CIkS B GO S B BT DCATHE SRl ARt yo K 71 oF geere

tHRNSGH e Hdea 5t DL Ree H.0Fe 130 4105 estkbReyd Cs€NeEPYoh N130) .
coll1sions with gas along the |l ength of the storage

Thsleg td browd JthaniPront? ey ytie ctea heatctheSarhi ering 30
wl'g%rdéejgé}?%;it%%e ch)utyveé]% 'ré%oﬁ&?cé%ﬁ i g@’A@nff&Léi @lllgti exists
therein, and the ions get stored in the middle part of this
section 230 due to further loss of their energy in
collisions with gas to reside in the minimum of the
potential well. Then, an analytical MS-only or MS/MS or Ms®
scan is taken over the pre-selection mass range of the
stored ions. After that, the process of filling from the
storage section 130 is repeated for the next pre-selection
m/z range, and so on until the total mass range is covered
and the scans are thus completed. By the start of the next
scans, the ion population within the storage section 130 is

already completely renewed.

An example of operating.a mass spectrometer including
the composite linear trap 30 of Figure 13 will now be

described.
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potential barrier so that resonant axial oscillations
of WD 2004/ 083805 PCT/ GB2004/001174 - 39 ions within
wa@2@angiseul ar mz range Lmz are excited. Thi SPCGBR@4/001174
be achi eved, for exanple, by providing a quadratic DC
potential distribution along,the axis of storage
section 130. Due to severe space charge effects and
poor quallty of 5 the fleld this internediate mz
gi $q c Ean.l gg, greferabl 5-10%
of t %3? nﬁ@% ?a %rgﬁl oMt AECEXBPL St FEROLYSRE Power
oﬁpaneoyeﬁeaheta@pr@@rsateobaagargés EhgaURBCiBS SAtensity
that excitation is | ess dependent on the actual
13j Qi oF¥ibNEEf aPBEAK1NAREHY . unbEarmby seeer aberahgngr mass
reds exgita n.gcy S h LLY f_Lon
FOTR Bt Re) nEEr a2 e NP B kg PR OLhY el og gomms.
hsghhranonxpepmlahabnsheg gre3abl3000chaegé§m8cohma be
otentlal rier (while still not able tog escap
ﬂ?%ﬁ%ﬂ th %n??%ﬂ én%pﬁP?%?e15f19h809tEPZEe §§ﬁe§??othUt
cdBBdnt 15 dPpsoRihavs1{heol 668, @@Oeeﬁgfgég?sanahﬁb'9§|used
section 230 where they are out of resohance with an
LA ENt ¢ hbntens sty diserébutiandof héonsnangethst dindar

t#%%tﬁ fg%%pégega{ﬁ 9f 69120T$§gt|0n 230 due to further

eir energy in iSions with gas to reside
in the e i mum of the 20. potenti wel | .. Then
analy%lca?himf%ﬁﬁﬁn%+oﬂﬁiN%P%?Oiéﬂ EQ%nIFEG?EkEﬁaBVéP
wlied fifvs ebesh | PN IBGSESANYE B tHerestRr €Hel 808%owed space
After that, the process of filling fromthe storage

cRET$ ohimBp F=d el EES f B9 W%@lﬁe&¢ prengefefer o000 ms to
¥y T@ANGere ngr€§ &gbynﬁéﬁ éﬁ&@% fﬁé? %gggﬁnthsettllng

covered 25 e scans a
arxd 2&GC of invdwe, neEixd s Jseeam]st;stm almsu@opuépéd:ﬁﬁa)d\séhl dr

t S age section 130 al ready _conpl etely
1 Dt A A T a et | e e feet f et cvele
ofnf%udingb the conposite linear trap 30 of Figure 13

Wi now. be

With the proposed approach, all ions are being stored
in the storage section 130 prior to analysis in the
analytical section 230. After 300,000 charges are injected
into the analytical section 230 within a m/z window of 100
Th over few ms, only 10 ms is needed to scan over this m/z
window. The entire mass range is covered in a time slightly
above 200 ms in 20 steps, each step containing 300,000
charges. The process could be run at a rate of about 4
spectra/sec if storage in 130 is accompanied by excitation,
and about 2.5 spectra/sec, if storage and excitation are
sequential in time. For the first case, 24,000,000 charges
are analysed per second to give a duty cycle of 80%, while
for the second case 15,000,000 charges are analysed per

second resulting in a duty cycle of 50%.



30 descri bed. WO 2004/ 083805 PCT/ GB2004/ 001174 - 40

A typical space charge Iimt for unit resolving power
w@bootlogsshi near trap is 30,000 charges and t he PONGB2004/001174

intensity is distributed-approxinmately unifornmy over

operating mass range of 2000 Th. Due to the high

resol vi ng power of TOFMS, 5 i'gher ion popul ations

(e.g. 300,000 charges) could be accepted. The

scannlng speed is 10,000 Th/s, and the input current

dPprld masIevesn, rtfybfo W%%r@esq%ulsl\c?@ i 4sgdegovephead

uﬁf?é J@%&rﬁﬁ%}ggqn %yt 'ng b@éﬁ%ﬁrﬂ?ﬁt Bert h8fAGains

atconviente orsfl  approgdeh lOlﬁhehhrgeal/SECdeB@hlwhuhdi haveady
been filled for 10 0 reac
TR g 11 (PRE AT LTS SO hIUTEEEE SELaeR gy Bgurces

nms to caover the requjred nmass range. Taking into

accQutURRA ¥ |G Th FIRRRL DREL £ | plesthE htRVERELP sh?'ﬁe aboTt
ads SPastq a/ %@Vé’ftﬂélés@oollpqglff%ée@@@ﬁéﬁ’égg PRAt various

second to give a duty cycle of 4% Wth the proposed
mepif ozt oz | mdjonee aradderighetbréeparhingel somrage spirit

s ction %@% rior_to anaIyS|s in the analytica

LT t%ﬁ S0t 980 charges are injected 20
into the anal yti cal sectlon 230 within a nlz wi ndow of
100 Th over few ns, only 10 ns is needed to scan over
this mz wndow The entire nmass range is covered in
atinme slightly above 200 ns in 20 steps, each step
cont ai ni ng 300, 000 charges. The process could be run
at a rate of about 4 25 spectral/sec if storage in 130
i s acconpani ed by excitation, and about 2.5
spectral/sec, if storage and excitation are sequentia
intime. For the first case, 24,000,000 charges are
anal ysed per second to give a duty cycle of 80% while
for the second case 15,000,000 charges are anal ysed
per
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30 second resulting in a duty cycle of 50% WO
2004/ 083805 PCT/ GB2004/ 001174 - 41 Wil st narrower
wortm4/0838000Wws Am coul d be used, overhead tine PCT/GB2004/001174

consunption is, however, likely to limt further gains
at a |l evel of about 50 106 ,charges/second which is
already close to the practical limt of nodern

el ectrospray sources. 5 A nunber of enbodi nents of the
i nventi on have been described. Nevertheless, it wll

ChdelMihder st ood that various nodifications nay be made
1 Wt houle depardd N dramddie, Spidd tepand-spane: Ao s:
v e, Tt o o GO g pPrieing an

i@l AldVBcel, ah nitrhodragf vwoiger &t imlgize ndss shectongeter

conprising an _Ji.on source,, an jon trap with a
CIHRATIS G A S sth, o 1 6 St ppalyzer,
trNGhek Hddeepdidigly: anal yzer, 5 the method
conprising: trapping ions introduced fromthe ion
sourtceapPriTd e titHg adheead dppel sl @b RUECE ej 34

t he id . ed J : ' r i & h
res peéglqiloﬁq’ ﬂc[e}Ped idtrfea Tl chl LEL?)%E Sglr%% Salaéf iytoéri %i@c?ﬂgall é ySéM&
el eddrages] roh sulfstadrati alHey ejredieygbnallsy twianiel régpect to

the collision cell;_ fragnenting ions introduced from
the % YRR 10T 1 CGTHTIAN 67 ol 1€ o) L q rgPaes ,  steh

fragment adhd igedvn {dies aatdJesi afb oald sdichisid@tcell;

they travel to the tine of flight mass anal yzer; 15

and foprgresntigna hHeonis mntgfodudeshtirrsstmalgzefrap in the

obt aiorhlai fmss_spectrum of ions therein. 2. The nethod

of cI&imL “wherein exciting the ions 20 trapped in

t he dardap Ceigdsasd apply i MMt AC ol eigiah cell such
that they travel to the time of flight mass analyzer;
and
operating the time of flight mass analyzer to obtain a

mass spectrum of ions therein.

2. The method of claim 1, wherein exciting the ions
trapped in the ion trap comprises applying an AC potential

to the plurality of elongate electrodes.

3. The method of claim 1 or claim 2, wherein the trapped
ions are ejected as a ribbon beam and the collision cell is

of a planar design.

4, The method of any preceding claim, comprising operating

the collision cell to trap ions.

5. The method of claim 4, wherein the ions are trapped

using a field including a DC potential.
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to the plurality of elongate el ectrodes. 3. The nethod

of claim1l or claim?2, wherein the trapped ions are
we@pmengidoas a ri bbon beam and the col lision cePdT/G82002501174

of a planar design. 4. The nethod of any preceding

claim conprising operating _the collision cell to

trap ions. 30 S. The met Hodtf™ cl ai m 4, wherein the

ions are trapped wusing a field including a DC

potential. WD 2004/ 083805 PCT/ GB2004/ 001174 - 43 6.
6 The Ther heeklodd chfai ¢ mg ol 3O cHNPFPEPHES bp@r APyt the the

lision | usi tials ly. 7. The net hod

) %%@O%r%eggji%sgllﬁg?%%%%%%%%goo rating 5 the

collision cell to provide an electric field along an

ion path therethrough, the gradient of the electric _
7§i el Be imRYRRR| My FHARTFSRSHIS aF byt heCTiBh! patd. cgerating
tﬂgmkégﬁg§¥59fc§PY_§g SN {®e lath Oc Pec €AIPr ESENG dPong an ion

Intr cing ions into the collision cell in a
palilt eché vt hovudlvgorize goadhent of ridhei eheotrexi fiad
.the collision gell. 9. fgg ttgodogf any precedi ng
IR LR AT P PRI AC RIS 01 F TR D R8I TOR RPF T ses a
plurality of elongate, conposite 15 rod el ectrodes
having at |east two parts, the nethod_ conprising
8 appl Pragreihet pbtanyief ¢bAHBE h! paPt s ofFCBEELS1RAd

, in dj r [ 0: gagh
ALY ooy L DO PP e el Loy £ peete b
oronpydsa hgt apphyi ngd ar O ipoteht éaitingathai coblision cell.
el ectrodes that sandwi ch the conposite rods. 11. The
nmet hod of any preceding claim conprising operating

925 afhé OfcHI8SQCHPT ah Pt £8ed QT c BAiAC eNhet8Eni ORet I AP
to obtain a mass spectrumof the trapped ions. 12. _
cqhblgkenode bl ePEPHI99S hleralikg PoncHeRgdEsr femposite

rod electrodes having at least two parts, the method
comprising applying an RF potential to both parts of each
rod and applying a different DC potential to each part of

each rod.

10. The method of claim 9, further comprising applying a DC
potential to a pair of electrodes that sandwich the

composite rods.

11. The method of any preceding claim, comprising operating
an ion detector located in or adjacent the ion trap to

obtain a mass spectrum of the trapped ions.

12. The method of claim 11, wherein the ion detector is
positioned adjacent the ion trap thereby to intercept a
portion of the ions being ejected substantially

orthogonally.
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positioned adjacent the ion trap thereby to intercept

a 30 portion of the ions being ejected substantially
w@edohoggsnal | y. WO 2004/ 083805 PCT/ GB2004/ 0011 7BCT/6BZ0b4/001174

13. The nmethod of claim 12, wherein the ion detector

and the collision cell ar g posi tioned on opposing

sides of the ion trap. 5 I4. The nethod of any

preceding claim conprising operating the ion

detector to obtain _a mass spectrum of precursor ions

13 agied mathase Qo iaiap hd iRt il neer i drreftor and
eHd 1@t MBSs analyzele 4 SRt R SBSHHREGIE UM @ds tde th
ejr acghrrelnltl%%ﬁ”l i ons, Za%v&eerﬂéji n tJhe scansSt?por m a %/ %S s ©
icexperapgrent. 10 15. The net hod of any preceding claim
conprising: introducing ions generated by an ion
source having a relatively broad range of niz val ues

14 Nt i end tAbd AP anyt Y dHi ricP RSL 216K 0 SSorfptbsd Aty | hd yat ing
all the relatively broad 15 range introduced fromthe
theod o atedint de@btfgii chdnasq tHherta el @k iREgGursor ions

I f I Nt i - 1igh
e T Al rel HRF SN rd ime of ot
meonretiviige f idd icigaild 4 heasorsdaaprum tdfi ntleen foagmented
. abundance determ ned usjin aut o ic gain control.

LG T AR OIS ph et 5 ATB IO TS NG
injecting ions of a reference conpound into the

collision cell. 25 18. The nethod of any of clains 15
1%.0 The wehwd ehemorrregeping &l aohposPRRr DI ap

in%oﬁc{dcsjltr{] 'fc.%r{sSt eaﬁ]edr Sﬁeecé) ér{ AN O[S4 %%% _ag_ged

Su S ant 1al y COo-axlially a ong a cpnnnn axli s detrining

redrat iore Patdrdad ottgiyd hef frivfstvd nappi e S eyl an b ;
into the second trapping region, the nmethod

trapping ions across substantially all the relatively broad

range introduced from the ion source and ejecting ions

within a relatively narrow range of m/z values substantially

orthogonally.

16. The method of any preceding claim, comprising filling
the ion trap within an ion abundance determined using

automatic gain control.

17. The method of any preceding claim, comprising injecting

ions of a reference compound into the collision cell.

18. The method of any of claims 15 to 17, wherein the ion
trap is a composite ion trap comprising first and second
trapping regions arranged substantially co-axially along a
common axis defining an ion path through the first trapping
region and into the second trapping region, the method

comprising:
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conprising: WD 2004/ 083805 PCT/ GB2004/ 001174 - 45

i ntroduci ng ions generated by an ion source having the
wo edoansised y broad range of niz val ues into thePdT/GB2004/001174

trapping region along the ion path; operating the

first trapping region to trap ions across 5

substantially all the relatively broad range

i ntroduced from the ion source and to eject ions

within an_internedi ate range of mz values axially .

t herldByr AP ing el o Sieﬁéefs%&ﬁwdoy tarrhp]pf?rhgs?‘éﬁf?%nh%YU?% the
rélhaecilv%waﬁ%acg%ﬁ@r@é g, LAELSRES oMk d rampi AO-4€% Abping

to trap iions 10 1 ntroduced fromthe first trapping
recggiroralang tttheejiewt pagyds; within the relatively narrow

range of nmlz values. _orthogonally. 19. The .method of

ol TR i LHE TSP GRbiaP 18 (T Hppt Ay across
sUSRH 0051 218, SEPAT L drdlya 8 Jd IS tb i @ ntdrdde bt t@dluced from

and the nmet'hod conprises ejecting ions fromthe first
the it P ARdE @RIt ahs Wit Hi AR hentermediate

' r ] r f t
r T A Sl Bl TRy SRR % AT I e second
t b trive rsdyyi dnt aadledng achdhel geqoaicth 2Grid appi ng regi on.

20. The nethod of claim19, wherein ions are

i nt rARRFAEE T ity (HREITT St IRRPH AFFEYt orP t Wt b &in
1S ANGE] atrdhn did Stiend ofaddwend iF&didd appl NG re€g @ ions

and the ions exit the 25 first trapping region through
wigrhigxitheatrel atelcondy arriw tHRNgd i @fstmAZ appl WS r egi on,
o%gﬁaférSfl otential barrier being |ocated at the

exi 19 t%e et hod furt her conprising: setting the

first potential barrier to reflect ions introduced

into the first trapping region; subsequently creating
1% sddondieBwrtigheti it erft i aihetieihe il bntle dmdregyond

d{;%ﬁﬂ&%gré&%s Wi deghe fdd sy t4 appiag SOUANs 2 BNWhrrier
exciting 1ons within

and the method comprises ejecting ions from the first
trapping region by exciting ions within the intermediate
range of m/z values to an energy sufficient to overcome the

first potential barrier and thereby travel to the second

trapping region.

20. The method of claim 19, wherein ions are introduced
into the first trapping region thorough an entrance at a
first end of the first trapping region and the ions exit the
first trapping region through an exit at a second end of the
first trapping region, the first potential barrier being
located at the exit, the metheod further comprising: setting
the first potential barrier to reflect ions introduced into
the first trapping region; subsequently creating a second,
higher potential at the entrance thereby trapping ions
within the first trapping region; and exciting ions within

the intermediate range of m/z values sufficient to overcome
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the internmedi ate range of mz values sufficient to
over cone WD 2004/ 083805 PCT/ GB2004/ 001174 - 46 the
w0 2a08/0838at enti al barrier but not to overcone tiHer/eBzOwdI1174
potential barrier. 21. The nethod of claim 20, wherein
creating the second 5 pot$ tlal barrier conprises
using a DC potenti al . Re met hod of any of clains
18 to 21, wherein setting the first potential barrier
to reflect ions |ntroduced into the first trapping
thee diigie tc RFaes ST £ DEY ot i% CVerFIE G %second
D of,any; Hf clains 18 to 22, wherein exciting
I ons MAthIn the i nter medi at e range of niz val ues
conprises adding an AC potential to the first

PO oL o S 24 Tog Lo o Sl S cons

pddéﬁﬁidmzﬁéﬁﬁfgklébdﬁkﬁﬁbd¥idmﬁgﬂulnﬂ .potZnt ilde, net hod
of any of clains 18 to 24, conprising introducing

ions into the second trapplng region to fill the 20

22360%3% trxeaﬁ%{%f egi P4 Q3 4 R geeef ewti_hed vbl’?%]eln setting

abundance hi'n a“space-c e met
t hef ﬁﬂﬁﬁﬂhﬁﬁtennmqm|baﬂm;ahﬂuurneﬁkqpurmpnqnxnhm@ﬂmnmédlnto
i on_ abundance in accordance with automatic

SREOT T DTPPHE R GO THLcEtTiy IR rRotent ial.

conprising operating the ion source to generate ions
having a relatively broad range of mz val ues, and
20perltd mpethnd ioh amaph oldiow 13D o2 wiihFeEn exciting

5 relatl el arr ran al
B HEdel 1517 i SRR e dos TEH G0y oI SR ises
ad%ﬁngTreaq et hsst it id 1aite Zhe cimEt Jdtgere] €1 | hgr 1 oas.
within a relatively narrow range of m z val ues
substantially

24. The method of claim 23, comprising exciting ions

trapped in the second trapping region using an AC potential.

25. The method of any of claims 18 to 24, comprising
introducing ions into the second trapping region to fill the
second trapping region to a predetermined ion abundance

within a space-charge limit.

26. The method of claim 25, comprising determining the
predetermined ion abundance in accordance with automatic

gain control.

27. The method of any preceding claim, comprising operating
the ion source to generate ions having a relatively broad
range of m/z values, and operating the ion trap to eject
ions within a relatively narrow range of m/z values

substantially orthogonally.
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orthogonally fromthe ion trap whilst retaining other
ions in the ion trap for subsequent analysis and/or 5
wo cmgnEssoat i on. 29. The net hod of claim 28, furdhieB2004/001174
conprising a second step of analysis including
operating the ion trap to gject at | east some of said
other ions having nmz valu d within a 10 further
relatively narrow range such that they are introduced
into the collision cell and operating the collision |
28se| [Theyatetiiegt Aforsd addn i2tr SRR SrBEMIIRET P omp within

a %%ﬂé&ﬁ%%ﬂ&nE%Qréysfg% é”B%'H%é“U%fHeé” |48 t%h féﬁiyef
conprising introducing fragnented 1ons fromthe
orérguchedtlgp foforartdley sics itmap Miellgt nmetafidinghtimssions

. anal yzer and operating the tinme aof flight, mass

lnar?i\eyzléjrn % Bbtta ™ sélb%f%‘%ﬁ:e&q o) i taﬁ'é&/cﬁ agnent ed

fdzQfent2l i3k, The method of claim 30, conprising third
or nore successive steps of analysis and obtaining a

mass spectrum of the fragmented ions using the tine

of flj lyizer,q 2 Qg | ad
250 gHeOre i OTREFEA 290 et SRR #1880
stegnrfi shadjyedtd ngdlons ng tdpered atrioy élhe niaon cwrap angesject

of mlz val ues that, conine to span substantially all] ..
ot e A ST Sish GEo0 16D FAt o TUAE Of LR grichin 2
£ @I 28 41032y GRIMYdW i dithgd %@m‘%@t@ﬁéf@ﬁ@ ly

all ions not within the relatively W 2004/ 083805
irREHAERZEDA/IOGL T coldg sima rasi I sk Qe TATANGI WS in
c%#ﬁ#%@ﬁ}%%%@.Qﬁﬁﬁ1%ﬁ%§lfghs“&y%ﬂMégHJEéJ“%fé%Egﬁémﬂgh

trap are fragmented.

30. The method of claim 29, further comprising introducing
fragmented ions from the second step of analysis into the
time of flight mass analyzer and operating the time of
flight mass analyzer to obtain a mass spectrum of the

fragmented ions.

31. The method of claim 30, comprising third or more
successive steps of analysis and obtaining a mass spectrum
of the fragmented ions using the time of flight mass

analyzer.

32. The method of claim 30 or claim 31, wherein the steps
of analysis comprise ejecting ions with relatively narrow
ranges of m/z values that combine to span substantially all

the intermediate range.

33. The method of any of claims 28 to 32, comprising

retaining substantially all ions not within the relatively
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34. A nethod of tandem mass spectronetry using a nass
5 spectroneter conprising an ion source, a first
WO 2@pp83ses regi on, a second trapping regi on coPEr/GBR0g/001174
a plurality of elongate electrodes, a collision cell
an ion detector and a ti 8of flrght mass anal yzer,
the met hod conprising: a filling stage conprising 10
operating the ion source to generate ions,
i ntroduci ng |ons generated by the ion source into the
namrost TenESpity WeEgiVeH e d Topieatiiqy tHRP et ejecting
1 HARAIR o SHOL 0 dIA A n B dIRARE. Of precursor

lons introduced fromthe 15 ion source, the prinmary
set of precursor |ons havi ng a reIatrver Iarge range

of mz v st sel ect /an sis sta
34conpr i) tﬁij’de(?pfe é“t“i’?essfﬁps%&trroérbep%’ Yedton tmalSS
spRi@Glon t rcaim;&eic‘eorr@aram sildys eloudfcd hey priwed e sadp ndg
20 precursor ions, the first secondary set of
re@rl@@ur Sorsgcssl HaARRE Ngh 9t iemeAmRE Sidige glygality of

@454&% Vﬁqua] Qrebydd tf acvoqlhts%rhec acond, tf APk ctor and a

e retal'ning ot 'ons Tromthe primary
tised off firieur sersd arsmliyedihe the stetthrabpiawp 25 ¥reyi on,

oper at t he second trapping region to trap ions
froﬁtﬁ#yLHW%ﬁs %ﬁﬁgﬁt of precursor ions
intr oduceﬂaéﬂa@mghe;ﬁé rn ARG J R@rvat OPRs@d | Ng
the ion detector to obtain a mass 30 spectrum of

trapped |W<frdtbmft91e‘—cfflsr sengaEhrtrgy Withsan gfource into
orecursor ,réym£¥%$£$%f5%%§§g§ PQE{GBZOO4/001174
49 per ornrng a agnentatlon/analy5|s

st ages ofogamppady iwis ﬁzrm ttheadpinrgd seriondary trap a
primary set of precursor ions introduced from the
ion source, the primary set of precursor ions
having a relatively large range of m/z values;

a first selection/analysis stage comprising

operating the first trapping region to eject a
first secondary subset of the primary set of
precursor ions, the first secondary set of
precursor ions having an intermediate range of m/z
values, thereby to travel to the second trapping
region while retaining other ions from the primary
set of precursor ions in the first trapping
region,
operating the second trapping region to trap ions
from the first secondary subset of precursor ions
introduced from the first trapping region,
operating the ion detector to obtain a mass
spectrum of trapped ions from the first secondary

subset of precursor ions, and



10

15

20

25

30

subset of precursor ions; a second sel ection/analysis
stage conprising 5 operating the first trapping region

WO 200e€3805 a second secondary subset of the prPCEGB2®eN01174

of the precursor ions, the second secondary subset of
precursor ions having a different internediate range
of mz values, thereby to travel to the 10 second
trappi ng regi on, operating the second trapping region
to trap ions. fromthe second secondary subset o

pr ecur soPSTHRF ™Y r%d%}M]f%té’mqftwef’?ar?r‘%%ntt?rfa‘ﬁﬁ?;@ﬂYSis
region, QR4 e RN Q1L H QY h L BLdY asd@STary

15 spectrum™f trapped’ions fromthe second secondary
subset ofsylrsstursorpdaans;scand@erformng a plurality

of fragnentatian/anal ysis . st.ages of trapped ions from
t he % GRATHIG STy AT 15T SOt S 20

wher ei N et Bfirddh e Hespaad wa-apgim) itegidn to eject a
fragment ati on/ anal ysi s stages conprises operating the

second t rEgssintl SIS0 BREat £1 ttdre inrynappsrt gt the

precursor_i .t h r Y ;Qyﬁ égges@g Zf
val ues Zénlseu stéz;gngt ir}La Sy’ ?rﬁosgegdna C?ssréwlt C{r spectSétgo
the dirextdarsair elongdtavamofa tdief fed ity odesesumhiate
that they are iarjlqtro uced into the collision c

1
oper at i nF e i V4 ot S SIEF§Hat9 otrfé,a‘fefe‘]orﬁo t e
tertiary st fagyensidmns ejected from30 the

second trapping region are fragnented, introducing _
f ragnent eparRising dihe [Reqld itianpPine|1eg D GThe ¥3pmelons

of Tl ghtemes analyzely AndVQ 2P precursor ions

PCT/ GB20
introduced from the first trapping region,

operating the ion detector to obtain a mass
spectrum of trapped ions from the second secondary
subset of precursor ions, and
performing a plurality of fragmentation/analysis
stages of trapped ions from the second secondary
subset of precursor ions;

wherein each of the respective plurality of

fragmentation/analysis stages comprises
operating the second trapping region to eject a
tertiary subset of precursor ions with a
relatively narrow range of m/z values
substantially orthogonally with respect to the
direction of elongation of the electrodes such
that they are introduced into the collision cell,
operating the collision cell such that ions from
the tertiary subset of precursor ions ejected from
the second trapping region are fragmented,
introducing fragmented ions from the collision

cell into the time of flight mass analyzer, and
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operating the tinme of flight nmass analyzer to obtain
a mass spectrum of the fragnented ions, wherein the

W 2008088895 subset s of precursor ions for each BET/GB2004/001174
secondary subsets have different 5 relatively narrow
ranges of miz values. 35. The nethod of claim 34,
conprising ejecting tertiar subsets of precursor
ions as pulses with tenporal wi dths not exceeding 10
ms. 10 36. The nmethod of claim34 or 35, wherein the
rel ati ve|cgperi@§rlrramtr%gté§n%f0ﬁﬂlemtué%a%'baﬁﬁ%hézer to

i nt er medi i T t
oagt%er?'?sg a553 J&Lﬂ?(&(}? = tﬁ]e el d ions,

conpri si ng termnlngt e 15 w atively
narr ow r allgasiby tlef erencieanty subgertsd iofi argcumessr ions for

spectrum_ 38. T net hod any qf clainms 34.t0_ 37
Aher el n G o B e RSl S 651 he ent
col l'i si onregldiand, tidm-af 2dhddd @ mBsSvanadyzer is
tailored according to the tertiary subsets of

precursor ions and its fragmented ions. 39 A tandem

3418SSpRP R t& ccoa[‘iﬁﬁ'?d %&b foéhfrﬁf e &é’f‘tlary

trap, a collision cell and a'ti yzer,
suisentere rdderdamn igrap acompurlses vl tihr aiemgorﬁl w1dths not
el ongat e eI ectrodes operable to provide a trapping
4G 1D %3 &P i ons i ntroduced fromthe ion source and
to excite trapped ions such that the excited ions are
ejected fromthe 30 ion trap substantially
36ort iyomedtilyod oof heladim ebd ion B, Bl i Uwe ofelaeively

n‘”E%%rOQ$S V£E299§Q%§_%9§s%%549§%90%599&$¥§1ate5 n
%ﬁ] %S%Ion ce I'S opera to accep I oNs €] ec é%e'
fromthe ion trap substantlally orthogonally and to
fragnment accepted ions; and o o

37. he method of claim 36, comprising determining the

width of the relatively narrow ranges by reference to a

preliminary mass spectrum.

38. The method of any of claims 34 to 37, wherein operation
of the second trapping region, collision cell and time of
flight mass analyzer is tailored according to the tertiary

subsets of precursor ions and its fragmented ions.

39. A tandem mass spectrometer comprising an ion source, an
ion trap, a collision cell and a time of flight analyzer,
wherein:
the ion trap comprises plurality of elongate electrodes
operable to provide a trapping field to trap ions
introduced from the ion source and to excite trapped
ions such that the excited ions are ejected from the
ion trap substantially orthogonally to the direction of

elongation of the electrodes;
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the tinme of flight nmass anal yzer is operable to

acquire 5 a nmass spectrumof the fragnented ions. 40.
wOtw4pgsseeem mass spectroneter of claim 39, furkdiBGB2004/001174

conprising an ion detector |ocated adjacent to the ion

trap and operative to det% ions ejected

substantially 10 orthogonalﬁy therefrom 41. The

tandem mass spectroneter of claim40, wherein the ion

detector and the tinme of flight nmass anal yzer are

posﬁtheoﬁ—‘éblldrﬁ;lé)ﬁb@ﬁlﬁg if QRIS Eq GFI9RIp. 1 gected

Thef&%ﬁ W QRIS A2 187 Heifd 3P 4 ¢

41, erern ?ﬁ% co%{i5|on éé a'ligyyof a S%é\nar deS|gnO

43, fﬂfa@ntemtdandwdsp@ts,omcier of any of clainms 39

to 42, 20 mh ein the tinme of fli ht nass zer is

of ¢ RSB S A PP e A STt e

MBSy, SReE rs@&t&runofoﬂltqiéﬂﬂ% mmﬁ;re@ mdr{ge time of
flight mass anal yzer is grldless 25 45. A conposite

ion trap conprising first and second ion storage

070! WIRS D81, HAANIGH SURMAN e Yo G B L dilier
commobn axi s eflnlng an 1 on pat roug e first i1on
cchipariaga g/ lriunkorantk dedtemnt Hmcsaemhchdmesttortagethml imre, trap

30 the first ion storage vol une bej deflned fy an

a%t%ﬁ%@etlé«ee&q SHRFERt o fd Satd

Hg%aggﬁ; Blehd e Qldher end, the entrance electrode
he conmon WO 2004/ 083805 PCT/ GB2004/ 001174 - 52

el ectrode being operable to provide a trapping field

4]]f, g:]éré’l %D%cggn | oa[nsss Vgptehclttrhom%t!grstof’ ecllaé rXeéi(y QAI o%deln the

ues I TSt 1 on S orage \Y

idrheiddd®iord thd L agieney @ funEl fightt hels < o isiany ane
or nore electrodes 5 operable to excite trapped ions
Pofitthiqnash QThteaasing ides of the ion trap.

42 . The tandem mass spectrometer of any of claims 39 to 41,

wherein the collision cell is of a planar design.

43. The tandem mass spectrometer of any of claims 39 to 42,
wherein the time of flight mass analyzer is of the

orthogonal acceleration type.

44. The tandem mass spectrometer of claim 43, wherein the

time of flight mass analyzer is gridless.

45. A composite ion trap comprising first and second ion
storage volumes being arranged substantially co-axially, the
common axis defining an ion path through the first ion
storage volume and into the second ion storage volume,

the first ion storage volume being defined by an
entrance electrode at one end and by a common electrode at

the other end, the entrance electrode and the common
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range such that the excited ions are ejected axially
along the ion path into the second ion storage
wo 2doung380: he second i on storage vol une bei ng defT/Gaeoobgpo1174
the comon el ectrode at one end and a further
el ectrode at the 10 other _end, the common el ectrode
and the further electrodé B |ng operable to provide a
trapping field for trapping ions in the second i on
storage vol une, the second ion stora vol une_furt her
elesrads hgiagiapesahle &0 araviae ael ORides field for

tr%g%rﬁ% ?.gtn% %q:'l'fl% 5] %Q%qhat ht\/fﬂvtgl 324 aeci atd ¥ yof m/z

m z range s e excited 1ons a
vadjuect dch fatemftitest siecort dragestvarlage vaherefirst ion
substantlally ort onaII to the direction of
S IO BT S SR St GRS o, PR RTRIee
oﬁe@%ﬂlreaﬁ‘:cpfep&:ll%é“ﬂ% iy e tan ZthReiddi £ d Sm/z
elongate in the sane direction as the electrodes. 47.

rangeassiapddatordice rexohfnd sucmf e @ﬂﬁfé’eﬁd il 1Y aplong
th%f 1%|r1aI I'Qté}'g e Cl S%QZ sogbr% nllé)cat ed
> t

adj-ace e secon |on trappl o ung and
operid \seeddamﬂeﬁcectsumeejm]mmé shdmsigarueﬁlﬂe;d by the
orthogonally 48. Ata ectroneter

d
CTIIRY G AAE 17Hs O ST Kb e AR B T SFE SRR AT the

otHd?® fa f ldhtedissh ahal Wz&ide IhPasid ianatd» acc@ptode
ions ej ected substantially orthogonally fromthe

bese@r@enabla drageromidare WemogW 838 for trapping ions
/ GB2004/ 01174 53 .49,.,1he, t gndem
T rometE SHTRUB,V Wne i n serE?th;d detb i grage
vomdnet headtd e Qforrﬁﬂxf:giﬂnms;ﬂan&umﬁ; @f el agite onbsktrodes
on opposing sides of the second jon storage volunme. 5
opsrablife Goarfteih IS aRRES rigit vl Gt & TR 1AE bre by figrrow

m/:%?’erairfo%g tNEN GO IS %8 Gold 15380 £&1 | pasidd oL Ofhe

second ion storage volume substantially orthogonally to the

direction of elongation through an exit aperture.

46. The composite ion trap of claim 45, wherein the exit
aperture is elongate in the same direction as the

electrodes.

47. A mass spectrometer comprising the composite ion trap
of claim 45 or claim 46 and an ion detector located adjacent
to the second ion trapping volume and operative to detect

ions ejected substantially orthogonally.

48. A tandem mass spectrometer comprising the mass
spectrometer of claim 47 and a time of flight mass analyzer
positioned to accept ions ejected substantially orthogonally

from the second ion storage volume.
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time of flight analyzer. 10 51. The tandem nass
wapwenssaet er of claim50, wherein the collisponGaaiok/001174

is of a planar design. 52. The tandem nmass

spectronmeter of claimb51, wherein the 15 collision

cell conprises a plurality~of el ongate, conposite rod

el ectrodes 'having at |least two parts. 53. The tandem

mass spectroneter of claimb52, wherein the twq parts
4%f (e CEmEss M8 S P st ETectdd i ide gt athezpin the

i&%nﬁgtéﬁﬁgyiéﬁﬁ the time of flight mass analyzer are
positioned on opposing sides of the second ion storage

volume.

50. The tandem mass spectrometer of claim 48 or claim 49,
further comprising a collision cell positioned on the ion
path between the second ion storage volume and the time of

flight analyzer.

51. The tandem mass spectrometer of claim 50, wherein the

collision cell is of a planar design.

52. The tandem mass spectrometer of claim 51, wherein the
collision cell comprises a plurality of elongate, composite

rod electrodes having at least two parts.

53. The tandem mass spectrometer of claim 52, wherein the
two parts of the composite rods are connected to separate

power supplies.



